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CLOCK AND WATCH WORK. 



j The ori^n of clock work is involved in great obscurity. 
Notwithstanding the statements by many writers that clocks, 
horoiogta^ were in use so early as the ninth century, and 
that they were then invented by an archdeacon of Verona, 
named Padficus, there appears to be no clear evidence that 
they were machines at all resembling those which have been 
in use for the last five or six centuries. But it is certain 
that for that period at least clocks, have been made depend- 
ing on the action of a weight on a train of >ivheels, as dis- 
tinguished from the water clocks, clepsydrce, which are well 
known to have been used many centuries before. How- 
ever, we intend to confine this article as far as possible to 
matters of practical interest, as we cannot afibrd the space 
to enter into the history of horology ; and we will, therefore, 
at once refer the reader who is curious about it; to the 
articles on clocks^ chronometers, &c., in Rees's Cyclopaedia, 
and the various works there cited. We will only add to the 
infbnnation there given, that it appears from a communica- 
tion of Captain Smith to the Antiquarian Society in 1851, 
that there is still a clock in existence at Dover Castle bear- 
ing the date 1348, earlier by 30 years than that of the clock 
made by De Vick for the palace of the Fren\;h king Charles 
v., which has generally been described as the earliest clock 
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of which the actual construction is known. Mr Denison 
also, in his Rudimentary Treatise on Clocks (of which we 
have largely availed ourselves throughout this article, and 
also of various papers by him in the Cambridge Philosophical 
Transactions, and the Journal of the Society of Arts), men- 
tions a clock in Peterborough cathedral, still in use as to the 
striking part, of which the construction is more like that 
of the Dover Castle clock than that of De Vick ; and 
Lord Chief Justice Coke tells us that a clock was set 
up in Westminster Hall in the thirteenth century out of a 
fine levied on one of his predecessors in that seat, from which 
perhaps the appropriate inscription Discite justitiam moniti 
was copied on to the sun-dial on a house now facing the hall. 

De Vick's clock having been frequently described before, 
and the description being of no value except as a matter of 
curiosity, we shall say no more of it than that it was a large 
striking clock going ene day, and with one hand (the hour 
hand), and much the same, except in the escapement, as 
many old church clocks still in existence. Pendulums were 
not invented for three centuries after ; and strange as it may 
seem, the escapement was much like that which is called 
die " vertical escapement" in a watch, only the time of vi- 
bration depended entirely on the moment of inertia of 
the balance, and not on a spring, that also being of much 
later invention. We shall, therefore, proceed at once to 
describe the going part of an eight-day house clock, or of 
an astronomical clock or ^^ regvdator," for in the general ar- 
rangement they are the same. 

In figure 1, B is the barrel with the rope coiled- round it 
generally 16 times for the 8 days ; the barrel is fixed to its 
arbor K, which is prolonged into the winding square coming 
up to the face or dial of the clock ; the dial is here shown as 
fixed either by small screws Xy or by a socket and pin z to 
the prolonged pillars /?/?, which (4 or 5 in number) connect 
the plates or frame of the clock together, though the dial is 
commonly, but for no good reason, set on to the front plate 



by another set of pillars of its own. The great wheel G 
rides on the arbor, and is connected with the barrel by the 




ratchet R, the action of which b shown more fully in fig. 
12. The intermediate wheel r in this drawing is for a pur- 
pose which will be described hereafter, and for the present 
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it may be considered as omitted^ and the click of the rat- 
chet R as fixed to the great wheel. The great wheel 
drives the pinion c, which is called the centre pinion, on the 
arbor of the centre wheel C, which goes through to the dial, 
and carries the long or minute-hand ; this wheel always turn- 
ing in an hour, and the great wheel generally in 12 hours, 
by having 12 times as many teeth as the centre pinion. The 
centre wheel drives the " second wheel" D by its pinion dy 
and that again drives the scape- wheel £ by its pinion e. If 
the pinions d and e have each 8 teeth or leaves (as the teeth 
of pinions are usually called), c will have 64 teeth and D 
60, in a clock of which the scape- wheel turns in a minute, 
so that the seconds hand may be set on its arbor prolonged 
to tlie dial. A represents the pallets of the escapement^ 
which will be described presently, and their arbor a goes 
through a large hole in the back plate near F, and its bapk 
pivot turns in a cock O F Q screwed on to the back plate. 
From the pallet arbor at F descends the crutch Ff, ending 
in thefarhfy which embraces the pendulum, so that as the 
pendulum vibrates, the crutch and the pallets necessarily 
vibrate with it. The pendulum is hung by a thin spring S 
from the cock Q, so that the bending point of the 
spring may be just opposite the end of the pallet arbor, and 
the edge of the spring as close to the end of that arbor as 
possible — ^a point frequently neglected. 

We may now go to the front (or left hand) of the clock, 
and describe the dial or '* motion work." The minute hand 
fits on to a squared end of a brass socket, which is fixed to 
the wheel M, and fits close, but not tight, on the prolonged 
arbor of the centre wheel. Behind this wheel is a bent 
spring which is (or ought to be) set on the same arbor with 
a square hole (not a round one as it sometimes is) in the 
middle, so that it must turn with the arbor ; the wheel is 
pressed up against this spring, and kept there by a cap and 
a small pin through the end of the arbor. The consequence 
is, that there is friction enough between the spring and the 
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whieel to carry the hand round, but not enough to resist a 
moderate push with the finger for the purpose of altering 
the time indicated. This wheel M, which is sometimes 
called the minute wheel, but is better called the kour-w/teei 
as it turns in an hour, drives another wheel N, of the same 
number of teeth, and which has a pinion attached to it ; and 
that pinion drives the twdve-hour wheel H, which is also 
attached to a larger socket or pipe carrying the hour hand 
and riding on the former socket, or rather (in order to re- 
lieve the centre arbor of that extra wei^t) on an interme- 
diate socket fixed to the bridge L, which is screwed to the 
front plate over the hour-wheel M. The weight W, which 
drives the train and gives die impulse to the pendulum 
through the escapement, is generally hung by a catgut line 
pasnng through a pulley attached to the weight, as shown in 
fig. 14, the other eridof die cord beingtied to some convenient 
place in the clock frame or seai'board to which it is fixed by 
screws through the lower pillars. It has usually been the 
practice to make the cases of house clocks and astronomical 
clocks not less than 6 feet high ; but that is a very unne- 
cessary waste of space and materials ; for by either dimin- 
ishing the size of the barrel, or the number of its turns, by 
increasing the size of the great wheel by one-half, or hanging 
the weights by a treble instead of a double line, a case just 
long enough for the pendulum will also be long enough for 
the fidl of the weights in 7 or 8 days. Of course the weights 
have to be increased in the same ratio, and indeed rather 
more, to overcome th^ increased firiction. 

PENDULUM. 

The claim to the invention of the pendulum, like the 
daira to most inventions, is disputed ; and we have no in- 
tention of trying to settle it. It was, like many, perhaps 
most, other discoveries and inventions, probably made by 
various persons, independently, and almost simultaneously, 
when the state of science had become ripe for it. That 
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peculiarly valuable property of the pendulum called iso^ 
chronismy or the disposition to vibrate different ores in very 
nearly the same time (provided the arcs are none of them 
large), was known long before the time of the earliest clocks 
we have described ; for it is said ^at the ancient astrono-*' 
mers of the East employed pendulums in measunng the 
times of their ob8ervatk)ns, counting their vibrations during 
the phases of an eclipse or transit, and renewing them by 
a push of the finger when they languished. This knowledge, 
however, appears itself to have languished before the time 
of Galileo, if credit is to be given to the well-known story 
of his being struck with the apparent isochronism of a 
chandelier hung by a long chain from the roof of the church 
at Florence. And Galileo's son appears as a rival of Avi-^ 
cenna, Huygens, Dr Hooke, and a London clockmaker 
named Harris, for the honour of having first applied the 
pendulum to regulate the motion of a clock train, all in the 
early part of the seventeenth century, fie this as it may, 
there seems little doubt that Huygens was the first who 
mathematically investigated, and therefore really knew the 
true nature of those properties of the pendulum, which may 
now be found, explained in any mathematical book on jne-> 
chanics. He discovered, that if a simple pendulum (t. «., a 
weight or hob consisting of a single point, and hung by a 
rod or string of no weight) can be made to describe, not a 
circle, but a cycloid of which the string would be the radius 
of curvature at the lowest point, all its vibrations, however 
large, will be performed in the same time. For a little dis- 
tance near the bottom, the circle very nearly coincides with 
the cycloid ; and hence it is, that for small arcs, a pendulum 
vibrating as usual in a circ)^, is nearly enough isochronous 
for the purposes of horology ; more especially when contri- 
vances are introduced either to compensate for the varia- 
tions of the arc, or, better still, to destroy them altogether, 
by making the force on the pendulum so constant that its 
arc may never sensibly vary. The difference between the 
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time of any small arc of the circle and am^ arc of the cy- 
cloid, or an infinitely small arc of the circle, varies nearly 
as the square of the circular arb ; and i^in, the difference 
between the times of any two small and nearly equal circu- 
lar arcs of the same pendulum, varies nearly as the arc itself. 
If a, the arc, is increased by a small amount da, the pendu- 
lum will lose 10800 ada seconds a-day, which is rather 
more than 1 second if a is 2° (from zero) and da is Itf, 
since the numerical value of 2° is *035. If the increase of arc 
18 considerable, it will not do to reckon thus by differen- 
tials, but we must take the difference of time for the day 
as 5400 (a ' - a% which will be just 8 seconds if a = 2^ 
and a^ = 3°. For many years it was thought of great im- 
portance to obtain cycloidal vibrations of clock pendulums, 
and it was done by making the suspension string or spring 
vibrate between cycloidctl cheeks, as they were called. But 
it was in time discovered that all this is a delusion. First, 
because there is and can be no such thing in reality as a 
simple pendulum, and cycloidal cheeks will only make a 
simple pendulum vibrate isochronously; secondly, because 
a very slight error in the form of the cheeks (as Huygens 
himself discovered) would do more harm than the circular 
error uncorrected at all, even for an arc of 10°, which is 
much larger than the common pendulum arc ; thirdly, be- 
cause there was always some friction or adhesion between 
the cheeks and the string; and fourthly (a reason which 
applies equally to all the isochronous contrivances since 
invented), because a common clock escapement itself gene- 
rally tends to produce an error exactly opposite to the cir- 
cular error, or to make the pendulum vibrate quicker the 
farther it swings ; and therefore (as was shown by Mr Deni- 
son in the Cambridge Philosophical Transactions in 1848) 
the circular error is actiially useful for the purpose of help- 
ing to counteract the error due to the escapement, and the 
clock goes better than it would with a simple pendulum, de- 
scribing the most perfect cycloid. At the same time, the 
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thin spring by which pendulums are always suspended, ei- 
cept in some French clocks where a silk string is used (a 
very inferior plan), causes tlie pendulum to deviate a little 
from circular and to approximate to cycloidal motion, be- 
cause the bend does not take place at one point, but is 
spread over some length of the spring. 

The accurate performance of a clock depends so esa&X" 
tially on the pendulum, that we shall go somewhat into de- 
tail respecting it. First, then, the time of vibration depends 
entirely on the length of the pendulum, the efiect of the 
spring being too small for consideration until we come to 
differences of a higher order. But the time does not vary 
as the length, but only as the square root of the length ; 
tW., a pendulum to vibrate two seconds must be four times 
as long as a seconds pendulum. The relation between the 
time and the length of a pendulum is expressed thus:*^ 

t = IT a/ -, where t is the time in seconds, ir the well- 

^ 9 
known symbol for 3*14169, the ratio of the circumference of a 

circle to its diameter, / the length of the pendulum, and g the 
force of gravity at the latitude where it is intended to vi- 
brate ; this letter g, in the latitude of London, is the symbol 
for 32*2 feet, that being the velocity (or number of feet per 
second) at which a body is found by experiment to be mov- 
ing at the end of the first second of its fall, being neces- 
sarily equal to twice the actual number of feet it has faHen 
in that second. Consequently, the length of a pendulum 
to beat seconds in London is 39*14 inches. But the same 
pendulum carried to the equator, where the force of gravity 
is less, would lose 2^ minutes a day. 

The seconds we are here speaking of are the seconds of 
a common dock indicating mean solar time. But as clocks 
are also required for sidereal time, it may be as well to men- 
tion the proportions between a mean and a sidereal pendu- 
lum. A sidereal day is the interval between two successive 
transits ever the meridian of a place by that imaginary point 
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in the heavens called ^ , the^rst point of Aries, at the in- 
tersection of the equator and the ecliptic ; and there is one 
more sidereal day than tliere are solar days in a year, since 
•the earth has to turn more than once round in space before 
the sun can come a second time to the meridian, on account 
of the earth's own motion in its orbit during the day. A 
sidereal day or hour is shorter than a mean solar one in the 
satio of '99727, and consequently a udareal pendulum must 
be shorter than a mean-time pendulum in the square of that 
xatio, or in the latitude of London the sidereal seconds pen- 
dulum is 38*87 inches. As we have mentioned what is 
or 24 o'clock by sidereal time, we may as well add, that 
the mean day is also reckoned in astronomy by 24 hours, 
and not from midnight as in civil reckoning, but from the 
following noon ; thus, what we call 11 AJf. May 1 in com- 
mon' life, is 23 h. April 30 with astronomers. 

It must be remembered that the pendulums whose 
lengths we have been speaking of are simple pen&ulums ; 
.and, as that is a thing which can only exist in theory, the 
reader may ask how the length of a real pendulum to vi- 
brate in any required time is ascertained. In every pen- 
dulum, that is to say in every body hung so as to be car 
pable of vibrating fi'eely, there is a certain point, always 
somewhere below the centre of gravity, which possesses 
tliese remarkable properties : that if the pendulum were 
turned upside down, and set vibrating about this point, it 
would vibrate in the same tinoe as before ; and, moreover, 
the distance of this point from >the point of suspension is ex- 
actly the length of that imaginary simple pendulum which 
would vibrate in the same time. This point is therefisre 
called the centre qfosciUcUion, The rules for finding it by 
calculation are too complicated for ordinary use, except in 
bodies of certain simple and regular forms ; but they are 
fortunately not requisite in practice, because in all clock 
pendulums the centre of oscillation is only a short distance 
below the centre of gravity of the whole pendulum, and 
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generally so near to the cen(ipre of gravity of the bob — ^in 
fact a little above it — that there is no difficulty in making 
a pendulum for any given time of vibration near enough to 
the proper length at once, and then adjusting it by screw- 
ing the bob up or down until it is found to vibrate in the 
proper time. 

Thus far we have been speaking of vibrating pendulums ; 
but the notice of pendulums would be incomplete without 
some allusion to revolving or conical pendulums, as they 
are called, because they describe a cone in revolving. Such 
pendulums are used where a continuous instead of an inter- 
mittent motion of the clock train is required, as in the clocks 
for keeping an equatorial telescope directed to a star, by 
driving it the opposite way to the motion of the earth, to 
whose axis the axis on which the telescope turns is made 
parallel. Clocks with such pendulums might also be used 
in bedrooms by persons who cannot bear the ticking of a 
commoti clock. The pendulum, instead of being hung by 
a flat spring, is hung by a thin piece of piano-forte wire ; 
and it should be understood that it has no tendency to twist 
on its own axis, and so to twist off the wire, as may be ap- 
prehended: in fact it would require some extra force to 
make it twist, if it were wanted to do so. The time of re- 
volution of a revolving pendulum may be easily ascertained 
as follows: — Let / be the length of the pendulum, a 
the angle which it makes with the vertical axis of the 
cone which it describes ; <d the angular velocity ; then the 
centrifugal force = <i>^ / sina; and as this is the force 
which keeps the pendulum away from the vertical, it must 
balance the force which draws it to the vertical, which 
is ^ tan a : and therefore 



I A = CO, the angular velocity, or the angle described 



in 1 second of time ; and the time of a complete revolution 
through the angle 360°, or 2 tt, is — = 2 tts/ -5?L?. That 
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is to say, the time of revolution of a pendulum of any given 
length is less than the time of a double oscillation of the same 
pendulum, in the proportion of the cosine of the angle, which 
it makes with the axis of revolution, to unity* 

A rotary pendulum is kept in motion by the train of the 
clock ending in a horizontal wheel with a vertical axis, from 
which projects an arm pressing against a spike at the bot- 
tom of the pendulum ; and it has this disadvantage, that any 
inequality in the force of the train, arising from variations 
of friction or any other cause, is immediately transmitted 
to the pendulum ; whereas it will be seen that in several 
kinds of escapement which can be applied to a vibrating 
pendulum, the variations of force can be rendered nearly or 
quite insensible. And it is a mistake to imagine that there 
is any self-correcting power in a conical pendulum analogous 
to that of the governor of a steam engine ; for that apparatus, 
though it is a couple of conical pendulums, has also a com- 
munication by a system of levers with the valve which sup- 
plies the steam. The governor apparatus has itself been 
applied to telescope-driving clocks, with a lever ending in 
a spring which acts by friction on some revolving plate in the 
clock, increasing the friction, and so diminishing the force as 
the balls of the governor fly out farther under any increase 
in the force. And with the addition of some connection 
with the hand of the observer, by which the action can be 
farther moderated, the motion can be made sufficiently uni- 
form for that purpose ; though for a clock to be kept going 
constantly without attendance, some further provisions are 
necessary, as explained under the head of train remontoires 
in Mr Denison's book. It has indeed been proposed to ob- 
tain a uniform motion of the clock train from a vibrating 
pendulum, by means of a crank attached to awheel revolv- 
ing in two beats of the pendulum, and connected with it by 
a rod so long that it may be considered always nearly ho- 
rizontal ; since it will be found on investigation that the ho- 
rizontal velocity of any point in a pendulum swinging freely 
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varies in the same ratio as that of the end of a crank te-^ 
volving uniformly. But this will not do in practice, because 
any increase in the force of the train would immediately 
make the pendulum desire to increase its arc and its velo- 
city, and the motion of the crank would be no lunger uni- 
form, but be checked at the end of every vibration ; and if 
the force were dimini^ed the pendulum would not go far 
enough to carry the crank past the dead points, and the 
clock would stop. 

FENDULT7M SUSPENSION. 

The suspension of the pendulum on what are called kntfe^ 
edgesy like those of a scale-beam, has often been advocated. 
But though it may do well enough for short experiments, 
in which tlie effects of the elasticity of the spring are wanted 
to be eliminated, it fails altogether in use, even if the knife- 
edges and the plates which carry them are made of the 
hardest stones* A suspenuon on friction whe^s, or the 
small portion of the entire wheel which is required, has also 
been used, but only in two instances, by the late Mr VuUiamy, 
under an erroneous impression respecting the nature of the 
compensation for temperature required, both for the spring 
and the rod of a pendulum when of great size. This sus- 
pension may, no doubt, be made to answer; but as it involves 
extreme delicacy of adjustment and great expense, and pos- 
sesses no corresponding advantage over the common method, 
it will probably never be used again. The suspension which 
is now used universally in all but some inferior foreign clock&!» 
which have strings instead, is a thin and short spring, with 
one end let into the top of the pendulum, and the other 
screwed between two chops of metal with a pin through 
them, which rests firmly in a nick in the cock which cturies 
the pendulum ; and the steadiness of this cock is essential 
to the accurate performance of the clock. The thinner the 
spring the better, provided, of course, it is strong enough to 
carry the pendulum without being bent beyond its elasticity, 
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or befit short ; not that there is much risk of that in prac- 
tice* Pendulum springs are much oflener too thick than 
too thin ; and it is worth notice that, independently of their 
greater effect on the natural time of vibration of the pendu- 
hjm, thick and narrow springs are more liable to break than 
thin and broad ones of the same strength. It is of great 
importance that the spring should be of uniform thickness 
throughout its breadth ; and the bottom of the chops which 
carry it should be exactly horizontal ; otherwise the pendu- 
lum will swing with a twist, as they may be often seen to 
do in ill'made clocks. 

The bob of the pendulum used, till lately, to be generally 
made in the shape of a lens, with a view to its passing 
through the air with the least resistance. But after the im- 
portance of making the bob heavy was discovered, it be- 
came almost necessary to adopt a form of more solid content 
in proportion to its sur&ce. A sj^ere has been occasionally 
used, but it is not a good shape, because a sliglit error in 
the place of the hole for the rod may make a serious dif- 
ference in the amount of weight on each side, and give the 
pendulum a tendency to twist in motion. The mercurial 
jar pendulum suggested the cylindrical form, which is now 
generally adopted for astronomical clocks ; and it has also 
lately been used in the best turret clocks, with a round 
top to (H-event the effect of any bits of mortar or dirt falling 
and resting upon it, which would alter the time; it has also 
been thought to look better than a flat-topped cylinder. 
There is no rule to be given for the weight of pendulums. 
It will be shown hereafter, that whatever escapement may 
be used, the errors due to any variation of force are ex- 
pressed in fractions which invariably have the weight and 
the length of the pendulum in the denominator, though some 
kinds of escapements require a heavy pendulum to correct 
their errors much less than others. And. as a heavy pen- 
dulum requires very little more force to keep it in motion 
than a light one, being less affected by the resistance of the 
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air, we may almost say that the heavier and longer a pen* 
dulum can be made the better ; at any rate, the only limit 
is one of convenience ; for instance, it would obviously be 
inconvenient to put a large pendulum of 100 lb. weight in 
the case of an astronomical or common house clock. It 
may perhaps be laid down as a rule, that lio astronomical 
clock or regukttor (as they are also called) will go as well as 
is expected of such clocks with a pendulum of less than 12 
lb. weight, and no turret clock with less than 1 cwtt Long 
pendulums are generally made with heavier bobs than short 
ones; and such a clock as that for the houses of parliament, 
with a two-seconds pendulum of 6 cwt, ought to go 44 times 
as well as a small turret clock with a one-second pendulum 
of 60 lb. Pendulums longer than 14 feet (2 seconds) are 
inconvenient, liable to be disturbed by wind, and impossible, 
or at lept enormously expensive, to compensate, and they 
are now quite disused. An old clock with a 56 feet pen- 
dulum (4 seconds) was lately removed from Halifax church 
to be replaced by one with an 8 feet compensated pendu- 
lum, and a clock such as we shall have to describe when we 
come to turret clocks, 

PENDULUM REGULATION. 

The regulation of pendulums, or their exact adjustment 
to the proper length, is almost always efiPected by a nut on 
the end of the rod, by which the bob can be screwed up or 
down. In the best clocks the rim of this nut is divided, 
with an index over it ; so the exact quantity of rise or fall 
may be known, or the exact fux;eleration or retardation, the 
amount due to one turn of the nut being previously ascer- 
tained. By the calculation used below for compensation 
of pendulums, it may be seen that if the length of the pen- 
dulum rod is /, and the breadth of one thread of the screw 
is called dl, then one turn of the nut will alter the rate of 

the clock by 43200 -j- seconds a-day ; which would be just 
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30 seconds, if the pendulum rod is 45 inches long, and the 
screw has 32 threads in the inch. To accelerate the clock 
the nut has always to be turned to the right, as it is called, 
and vice versa. But in astronomical and in large turret 
clocks, it is desirable to avoid stopping, or in any way dis- 
turbing the pendulum ; and for the finer adjustments, other 
ipethods of regulation are adopted. The best is that of fixing 
a collar, as shown in fig. 2, capable of having very small weights 
laid upon it, half-way down ihe pendulum, this bemg the place 
where the addition of any small weight produces the greatest 
effect ; and where, it may be added, any moving of that 
weight up or down on the rod produces the least efiect An 
addition there of a weight - T oioo ^ ^^ ^^ weight of the 
pendulum will accelerate it a little more than 1 second a 
day, or 10 grains will do that on a pendulum of 15 lb. weight 
(7000 gr. being = 1 lb.), or an ounce on a pendulum of 6 
cwt. ; and these small weights can be easily taken off and 
put on without any risk of disturbing the pendulum. The 
weights should be made in a series, and marked ^, ^, 1, 2, 
according to the number of seconds a day by which they 
will accelerate, and the pendulum adjusted at first to lose a 
little, perhaps a second a day, when there are no weights 
on the collar, so that it may always have some weight on, 
which can be diminished or increased from time to time, 
with certainty, as the rate may vary. 

COMPENSATION OF PENDULUMS. 

Soon afler pendulums began to be generally used in 
clocks, it was discovered that they contained within them- 
selves a source of error independent of the action of the 
clock upon them, and that they lost time in hot weather 
ttid gained in cold,, in consequence of all the substances of 
which they could be made expanding as the temperature 
increases. If / is tlie length of a pendulum, and dl the 
small increase of it from increased heat, t the time of the 
pendulum /, and t + dt that of the pendulum l+dl; then 



16 CLOCK AND WATCH WORK. 



; since I "7" I niAy be ne- 



i+d t ^i+di ^ 

t - v^/ "" ^ + 2 

glected as very small i or dt = ; and the daily 

loss of the clock will be 43200 -j- seconds. The 

following is a table of the values-j- for 10° of heat in dif- 
ferent substances. 

White deal -000024 

Flint glaas -000048 

Steel rod -000064 

Iron rod -00007 

' Brass -00010 

Lead -00016 

Zinc. -00017 

Mercury (in bulk, not in length) -00100 

Thus a common penduliim with an iron wire rod would 
lose 43200 X '00007 = 3 seconds a-day for lO"" of heat, and 
if adjusted for winter temperature would lose about a minute 
a-week in summer^ unless something in the clock happened 
to produce a counteracting effect, as we shall see may be 
the case when we come to escapements. We want, there- 
fore, some contrivance which will always keep that point 
of the pendulum on which its time depends, viz., the cenire 
of oscillation, at the same distance from the point of sus- 
pension. A vast number of such contrivances have been 
made, but there are only three which can be said to be at 
all in common use ; and the old gridiron pendulum^ made 
of 9 alternate bars of brass and steel is not one of them, 
having been superseded by one of zinc and iron, exactly on 
the same principle, but requiring much fewer bars on ac- 
count of the greater expansion of zinc than l^rass. Although 
this is the most modem of the compensated pendulums, in 
consequence of the working of zinc being a modern art, we 
will describe it first. And as the centre of oscillation so 
nearly coincides in all clock pendulums with the centre of 
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the bob, we may [»«ctical]y say that the object of compen- 
sUkin is to keep the bob always at tbe same height. Fig. 
2 is a Bection of the great Westminster 
clock pendulum above mentioned. Theiran 
rod which runs from top to bottom ends in 
a screw with a nut N ft* adjusting the 
length of the pendulum after it was made 
by caJculation as near the right length as 
possible. On (hb nut rests a collar M, 
which can slide up the rod a little way, 
but is prevented from turning by a pin 
through the rod. On a groove or annular 
chuinel in the top of this collar stands a 
zinc tube 10 feet 6 inches long, and nearly 
tuJf aa inch thick, made of three tubes all 
drawn together, so as to become hke one , 
Ibc it should be observed that catl zinc can- 
notbedependedoD}it mustbedrawn. On 
the tc^ of this tube or hollow column fits 
another colkrwith an annular groove much 
like the bottom one M. The object of 
these grooves is to keep the zinc column m 
its place, not touching the rod within it, as 
contact might produce friction, which 
would interfere with their relative motion 
under expansion and contraction. Round [j 1 1 , 1 1 i jjii , 
the collar C is screwed a large iron tube, AfiU 

also not touching the zinc, and its lower 
end fits loosely on the collar M; and round 
' its outside it has another collar of its own, 
D, fixed to it, on which the bob rests. 
The iron tube has a number of large holes 
in it down each side, to let the ^r get to 
the zinc nbe : before that was done it was 
found that the compensation lagged a day 
or two behind the changes of temperature, ii 
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of the iron rod and tube being exposed while the zinc 
tube was inclosed without touching the iron. The bot* 
torn of the bob is 14feet 1 1 inches from the top of thespring A, 
and the bob itself is 18 inches high, with a dome-shaped top 
and 12 inches in diameter. As it is a 2-seconds pendulupa^ita 
centre of oscillation is 13 feet from the top A, which is very 
near the centre of gravity of the pendulum, and higher than 
usual above the centre of gravity of the bob, on account of 
the great weight of the compensation tubes. The whole 
weighs 682 lb., which is half as large again as Mr Vul* 
liamy's Post-office clock pendulum, which was before the 
heaviest probably in the world, but it is only a wooden one 
with an iron bob. The same proportions will hold for zinc 
compensation pendulums of smaller size, the zinc tube 
and the iron tube being always nearly two-thirds of the 
length of the main rod. The compensating action is 
evidently this : the iron rod and tube both let the bob 
down as they expand, and the zinc column pushes it up ; 
and as the ratio of the expansion of iron to zinc is *41, it mil 
be found that by the above proportions the centre of osdl* 
lation will remain at the same height ; and experience has 
ratified the calculation, the pendulum having been now 
(1854) going for two years in Mr Dent's factory. 

The second kind of compensation pendulum in use is still 
more simple, but not so effective or certain in its action ; and 
that is merely a wooden rod with a long lead bob resting on a 
nut at the bottom^ According to the above table, it would ap« 
pear that this bob ought to be 1 4 inch es high in a 1 -second pen- 
dulum ; but the expansion of wood b so uncertain, that this 
proportion is not found capable of being depended on, and a 
somewhat shorter bob is said to be generally more correct in 
point of compensation. And we believe that all persons who 
have tried wood pendulums severely, have come to the same 
conclusion as Mr Reid did long ago, that they ifre capri* 
cious in their action, and consequently unfit for the highest ' 
class of clocks. 
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The best of all the compensations is undoubtedly the 
mercurial, which was invented by George Graham, a London 
dockmaker, above a century ago, who also invented the 
well-known dead escapement for clocks, and also the hori- 
zontal or cylinder escapement for watches, which will be 
hereafter explained. And the best form of the mercurial 
pendulum is that which was introduced by the late Mr 
Dent, in which the mercury is inclosed in a cast iron jar 
or cylinder, into the top of which the steel rod is screwed, 
with its end plunged into the mercury itself. For by this 
means the mercury, the rod, and the jar, all acquire the new 
temperature at any change, more nearly together, than when 
the mercury is in a glass jar hung by a stirrup (as it is 
called) at the bottom of the rod ; and moreover the pendu- 
lum is safe to carry about, and the jar can be made per- 
fectly cylindrical by turning, and also air tight, so as to pro- 
tect the mercury from oxidation ; and, if necessary, it can 
be heated in the jar so as to drive off any moisture, without 
any risk of breaking. The height of mercury required in a 
cast iron jar 2 inches in diameter is about 6^ inches ; for it 
must be remembered in calculating the rise of the mercury, 
that the jar itself expands laterally, and that expansion has 
to be deducted from that of the mercury in bulk. 

There are several other kinds of compensation which may 
be found described in Mr Denison's treatise, and other books. 
But as the mercurial is indisputably the best, though ex- 
pensive, and the zinc and iron pendulum is both better and 
cheaper than any of those others, we shall not fill our pages 
by describing them. We will only add this caution to per- 
sons who may be captivated with the apparent simplicity 
of that class of compensations in which the pendulum spring 
is drawn up through a slit, so as to shorte ) it as the length 
of the pendulum increases, that that method in any of its 
forms is not to be relied on. All the compensations also on 
the lever principle, invented by Mr Ellicott, many years 
ago, are equally fallacious and uncertain ; though this, as 
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well as the spring-shortening methods, do not seem to 
have been yet abandoned by the French clockmakers — at 
least they had not at the time of the Great Exhibition in 1851. 
We alluded a short time ago to the effect of the spring 
upon the time of vibration. However thin it may be, it 
has some tendency to make the pendulum move more 
quickly than if it were suspended on knife edges ; and as all 
springs are stiffer the colder they are, the spring accelerates 
the pendulum in cold weather a little more than in hot, 
though to a far less extent than the variation in the length 
of the pendulum itself. It is impossible to give any rule 
for the extra compensation tlius required, except such as 
might be deduced from a large and careful series of experi- 
ments on pendulums and springs of various sizes. The late 
Mr Dent stated in a paper read before the British Associa- 
tion in 1840, that he had found such a spring as is gene- 
rally used in astronomical clock pendulums to require about 
if th to be added to the ordinary compensation for the rod. 
It should be remembered that this effect is much greater on 
a short pendulum than a long one ; indeed, on a 2-seconds 
pendulum of considerable weight it seems not perceptible 
at all when the spring is of no more than the proper thick- 
ness. 

ESCAPEMENTS. 

The escapement is that part of the clock in which the 
rotary motion of tlie wheels is converted into the vibratory 
motion of the balance or pendulum, which by some contriv- 
ance or other is made to let one tooth of the quickest wheel 
in the train escape at each vibration ; and hence that wheel 
is called the " scape wheel." Fig. 3 shows the form of the 
earliest clock escapement, if it is held sideways, so that the 
arms on which the two balls are set may vibrate on a hori- 
zontal plane. In that case the arms and weights form a 
balance, and the farther out the weights are set, the slower 
would be the vibrations. If we now turn it as it stands here, 
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and consider the upper weight left out, it becomes the 
earliest form of the pendulum clock, with the crown-wheel 
or fjerticai escapement CA 
and CB are two flat pieces 
of steel cailedpallets projecting 
from the axis about at right an- 
gles to each other, one of them 
over the front of the wheel as it 
stands, and the other over the 
back. The tooth D is just escap- 
ing from the front pallet CA, 
and at the same time the tooth |^^ 
at the back of the wheel falls 
on the other pallet CB a little 
above its edge. . But the pen- 
dulum, which is now moving 
to the right, does not stop 
immediately, but swings a little 
further (otherwise the least 
failure in the force of the train 
would stop the clock, as the 
escape would not take place), and in so doing it is evident 
that the pallet B will drive the wheel back a little, and pro- 
duce what is called the recoil ; which is visible enough in 
any common clock with a seconds hand, either with this 
escapement or the one which will be next described. 

It will be seen, on looking at the figure, that the pallet 
B must turn through a considerable angle before the tooth 
can escape ; in other words, the crown-wheel escapement 
requires a long vibration of the pendulum. This is objec- 
tionable on several accounts; first, because it requires a 
great force in the clock train, and a great pressure and 
therefore friction, on the pallets; and besides that, any varia- 
tion in a large arc, as was explained before, produces a 
much greater variation of time due to the circular error than 
an equal variation of a small arc. The crown-wheel escape 
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ment may indeed be made so as to allow a more modeiBte 
arc of the pendulum, though not so small as the 2° usually 
adopted now in the best clocks^ by putting the pallet arbor 
a good deal higher above the scape-wheel, and giving a 
small number of teeth to the wheel ; and that also dimin- 
ishes the length of run of the teeth, and consequently the 
friction, on the pallets, though it makes the recoil very 
great and sudden ; but, oddly enough, it never appears to 
have been resorted to until long afier the escapement had 
become superseded by the ^'anchor" escapement, which 
we shall now describe, and which appears to have been in- 
vented by the famous Dr Hooke as early as the year 1656^ 
very soon afler the invention of pendulums* 

In fig. 4 a tooth of the scape-wheel is just escaping 
from the lefl pallet, and another tooth at the same time 
falls upon the right 
hand pallet at some 
distance from its 
point. As the pendu- 
lum moves on in the 
same direction, the 
tooth slides farther up 
the pallet, thus pro- 
ducing a recoil, as in 
the crown-wheel es- 
capement The acting 
faces of the pallets 
should be convex, and 
not flat, as they are 
generally made, much 
less concave, as they 
have sometimes been Fig. 4. 

made, with the view of checking the motion of the pendulum, 
which is more likely to injure the rate of the clock than to im- 
prove it But when they are flat, and of course still more when 
they are concave, the points of the teeth always wear a hole 
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in the pallets at the extremity of their usual swing, and 
the motion is obviously easier, and therefore better, when 
the pallets are made convex ; in fact they then approach 
more nearly to the '^dead" escapement, which will be de- 
scribed presently. We have already alluded to the effect 
of some escapements in not only counteracting the circular 
error, or the natural increase of the time of a pendulum as 
the arc increases, but overbalancing it by an error of the 
contrary kind. The recoil escapement does so ; for it is 
almost invariably found that whatever may be the shape of 
the pallets, the clock loses as the arc of the pendulum falls 
off, and vice versa. It is, however, unfortunately impossible 
so to arrange the pallets that the circular error may be thus 
exactly neutralized, because the escapement errors depend, 
in a manner reducible to no law, upon variations in friction 
of the pallets themselves, and of the clock train, which pro^ 
duce different effects ; and the result is, that it has long 
been recognised as impossible to obtain very accurate time- 
keeping from any clock of this construction. 

But before we pass on to the dead escapement, it may 
be proper to notice an escapement of the recoiling class, 
which was invented for the purpose of doing without oil, by 
the famous Harrison, who was at first a carpenter in Lin- 
colnshire, but afterwards obtained the first government re- 
ward for the improvement of chronometers. We shall not 
however stop to describe it, since it never came into gene- 
ral use, and it is said that nobody but Harrison himself 
could make it go at all. It was also objectionable on ac- 
count of its being directly affected by all variations in the 
force of the clock. It had the peculiarity of being very 
nearly silent, though the recoil was very great. Those who 
are curious about such things will find it described in the 
7th edition of the Encyclopaedia Britannica, and in others. 
The recorded performance of one of these clocks which is 
given in some accounts of it, is evidently fabulous. 
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DBAD ESCAPEMENTS. 

The escapement which has now for a century and a half 
been considered the best practical clock escapement (though 
there have been constant attempts to invent one free from 
the defects which it must be admitted to possess), is the dead 
€9capemeniy or as the French call it with equal expressive- 
ness. VechappemerU d repos ; because, insteul of the recoil 
of the tooth upon the pallet which took place in the previous 
escapements, it falls dead upon the pallet and reposes there 
until the pendulum returns and lets it ofi' again. It is re- 
presented in fig 5. It 
will be observed that the 
teeth of the scape-whee^ 
have their points set the 
opposite way to those of 
the recoil escapement in 
fig. 4, the wheels them- ^^ 
selves both turning the 
same way, or (as our en- 
graver has represented 
it) vice versd. The tooth 
B is here also represented 
in the actof dropping on to 
the right hand pallet as 
the tooth A escapes firom 
the left pallet. But in- 
stead of the pallet having 
a continuous face as in T\g.h, 

the recoil escapement, it is divided into two, of which BE on 
the right pallet and FA on the lefi are called the impulse 
faces, and BD, FG the dead faces. The dead faces are por- 
tions of circles (generally of the same circle), having the 
axis of the pallets C for their centre; and the consequence 
evidently is, that as the pendulum goes on, carrying the pal- 
let still nearer to the wheel than the position in which a 
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tooth ^Is on to the corner A or B of die impulse and the 
dead faces, the tootli still rests on the dead faces without 
any recoil, until the pendulum returns and lets the tooth 
slide down the impulse face, giving the impulse to the pen- 
dulum as it goes. 

The great merit of this escapement is that a moderate 
variation in the force of the clock train produces a very slight 
effect in the time of the pendulum. This may be shown in 
a general way, without resorting to mathematics, thus : — 
Since the tooth B drops on to the corner of the pallet (or 
ought to do so), immediately after the tooth A has escaped, 
and since the impulse will begin at B when the pendulum 
returns to the same point at which the impulse ceased on A, 
it follows that the impulse received by the pendulum before 
and afler its vertical position is very nearly the same. Now 
that part of the impulse which takes place before zero, or 
while the pendulum is descending, tends to augment the 
natural force of gravity on the pendulum, or to make it 
move faster ; but in the ascending arc the impulse on the 
pallets acts against the gravity of the pendulum, and tliere- 
fore tends to make it go slower ; and so the two parts of 
the impulse tend to neutralize each other's disturbing effects 
on the time of the pendulum, though they both concur ii^ 
increasing the arc, or (what is the same thing) maintaining 
it against the loss from friction and resistance of the air. 
However, on the whole, the effect of the impulse is to re- 
tard the pendulum a little, because the tooth must fall not 
exactly on the corner of the pallet, but (for safety) a little 
above it ; and the next impulse does not begin until that 
same comer of the pallet has come as far as the point of the 
tooth ; in other words the retarding part of the impulse, or 
that which takes place afler zero, acts rather longer than the 
accelerating part before zero. Again, the friction on the 
dead part of the pallets tends to produce the same effect 
on the time ; the arc of course it tends to diminish. For 
in the descent of the pendulum tlie friction acts against 
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gravity, but in the ascent with gravity, or accelerates the 
pendulum ; and the action on the dead part of the pallets 
is a little shorter in the ascent than the descent. For 
these reasons the time of vibration of a pendulum driven 
by a dead escapement is a little greater than of the same 
pendulum vibrating the same arc freely ; and when you 
come to the next difference, the variation of time of the 
same pendulum with the dead escapement under a mode- 
rate variation in the force is very small indeed ; which is 
not the case in the recoil escapement, for tliere the im- 
pulse begins at each end of the arc, and there is much more 
of it during the descent of the pendulum than during the 
ascent from zero to the arc at which the escape takes place, 
and the recoil begins, on the opposite tooth ; and then the 
recoil itself is an action on the pendulum in its ascent in 
the same direction as gravity, and therefore accelerative* 
And hence it is that an increase of the arc of the pendu-* 
lum with a recoil escapement is alvt'ays accompanied with a 
decrease of the time. 

But something more than this general mode of reasoning 
is requisite in order to compare the real value of the dead 
escapement with others of equal or higher pretensions, or 
of the several contrivances that have been suggested for 
remedying its defects. In the year 1827, Mr Airy, the 
present astronomer royal, wrote a paper in the Cambridge 
Philosophical Transactions^ vol. iii. p.' 105, on the distur* 
bances of pendulums and the theory of escapements, which, 
though erroneous in some of the practical conclusions, is 
extremely valuable as the mathematical foundation for sul> 
sequent investigations; it is too long to insert here, and it 
may be found in Pratt's Mechanics* We shall therefore take 
it up at the point which is convenient for making the proper 
deductions f^om it He proved, that if is the disturbing 
force on the pendulum of length / at the angle 6 from zero, 
a the extreme arc, and g tlie accelerating force of gravity, 
the increase of time of one vibration due to the disturbance 
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taken between the limits within which 

the disturbing force acts. He also gives an expression 
for the increase of the arc ; but though of course mathe- 
matically correct, it is practically useless, because the in- 
crease of the arc for one vibration is no guide at all to what 
it will reach before the influence of flrictioti and the resis- 
tance of the air prevents any further increase* 

Proceeding with Mr Air/s formula for the variation of 
the time, and adopting the farther results obtained by Mr 
Denison in his paper of 1848, in the eighth v6lume of the 
Cambridge Transactions^ let us call the angle which the 
impulse &ces of the pallets make with the dead faces 8; then, 
since the tooth, considered as a prolonged radius of the 
wheel, ought to be a tangent to the dead face, 8 will also be 
the inclination of the tooth to the impulse face at the be- 
ginning of the impulse, and it may be assumed to remain the 
same throughout : though, in fact, it increases towards the 
end of the impulse. Let p be the distance of each paUet 
from their arbor, and Pg the moving force of the clock- weight 
referred to the points of the scape-wheel, after deducting 
the force required to move tlie train, M the mass of the 
pendulum (supposed to be a simple one) and / its length, 
and 6 the angle which the pendulum makes with the ver- 
tical ; then the equation of motion of the pendulum is 

w- r V^ + ~Mr-) 

and therefore ^ the disturbing force, is ^ ^ ° ; 

and the increase of time for one vibration, which we may 

call 

Pp tan 8 rg_g_ 
^ '^ Ml IT a? J ,7^1^ 

If )3 is the angle before zero at which tlie impulse begins, 
and y the angle after zero at which it ends, and which is 
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necessarily rather larger than p, then this integral hag to be 
taken between the limits 6= — p, and 6= y, and the re- 
sult is — 

And as )3 and y are always small compared with a, higher 
powers than ^ may be neglected, and the equation may as- 
sume the simpler form A = ^-^f^ — g^(y + )8) (y — j8). 

Since in a well-made clock p may be made very nearly 
« y, M. the tooth may be made to drop almost exactly on 
the corner of the dead face, Mr Airy concludes that '' this 
escapement approaches nearly to absolute perfection." Mr 
Denison shows, however, that this conclusion is somewhat 
too rapid ; that the accuracy which really is found in the 
going of a good clock of this kind is due to a cause not 
apparent in this value of A ; that an escapement of another 
kind, in which A is very much larger, admits of still greater 
perfection, inasmuch as it is not the magnitude but the va- 
riation of A which measures tlie goodness of the clock. 
And besides all this, the assumption that the friction of the 
pallets does not affect the performance of a dead escape- 
ment dock is very far from correct : on the contrary, it 
has generally more to do with the actual errors of time than 
all the other causes. In order to arrive at the actual amount 
of these errors we will proceed with the examination of 
the quantity A. 

Let A be the daily fall of the clock-weight Wg, T the 
number of beats of the pendulum in the day ( = 86400 if 
it is a seconds pendulum) ; the drop of the tooth at each 
beat is a little less than the thickness of the pallets, which = 
p(y + P) tan S; and therefore we may say (intending to 
make some deduction afterwards from the actual amount of 
W for the firiction of the train and the loss of force at 
each drop) — 
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in which you observe that y + )3 has disappeared: yp 
is seldom made less than 30' ; and therefore we may put 

720 ^^ ~2 — * ^^^ ^^ reduces the equation to the sim- 

pleform,AT = ^2gp^g^3. 

Now, though the clock weight and its daily fall are con- 
stant in any given clock, yet the quantity of this moving 
fbrce which arrives at the escapement is not constant, be- 
cause it is diminished by friction, which varies with the state 
of the oil and other circumstances ; and that produces the 
same effect as if the clock-weight itself varied. Let us call 
that variation of force on the escapement dW, The clock 
is also subject to variations of a, the arc of the pendulum, 
partly depending on these changes in the force of the clock 
train, but still more upon the variations in the friction on 
the pallets themselves, so that no definite relation can be 
established between any increase of arc da^ and the varia- 
tions of fbrce or friction in the train. And in order to learn 
what effect is produced upon the rate of the clock by any 
^ven small changes in the arc or the force, we must 
differentiate the above equation, and we shall have (treat- 
ing, as we shall throughout, the differences as finite) 

rfAT = —^ — (^ ^\ 
720 Mla^yW" a ) 

And to this must be added a third term to express the 
circular error due to the increase of the arc from a to a + da. 
This, as stated before, is theoretically + 10800 ada ; but 
practically it is a great deal less, from the effect of the 
pendulum spring, which has a tendency to isochronize the 
pendulum, though all attempts to make it do so completely 
have failed, and no other figures can be given for esti- 
mating the actual amount of the circular error. The 
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quantity we have caned ^AT is that which is technically 

called die daily reUe, only with the sign reveriled, as the rate 

is always called + when the clock is gaining, and assuming 

the pendulum to be properly adjusted so that the daily rate, 

but for the escapement errors, wou1d*be 0. 

Now, as to the numerical value of this quantity in seconds, 

or fractions of a second : in an ordinary astronomical clock, 

after allowing for the friction of the train, Wh may be 

taken as 2 lb. x 9 in.: / is 39 inches, and ilf about 15 lb., 

and a the angle 2^ is *035 in numerical value. Therefore 

Wh 
790 Ml ^ ^ ^ second very nearly. As to the other parts 

of the expression for cf AT, it generally happens that the 
clock gains if the arc falls off, which shows that the two + 

terms, -tjf and the circular error term, then preponde- 
rate over the other, involving — . Sometimes, however, the 

contrary is the case, as where the firiction on the pallets alone 
is altered by oiling them, or by the self-polishing which they 
oflen perform for themselves in the course of a few months 
afler the clock is made, especially in turret clocks. Mr 
Denison says in his Cambridge paper of 1858 (vol. ix.), that 
from experiments made for testing the value of an invention 
of Mr Loseby's in the Great Exhibition for rendering pendu- 
lums isochronous, as well as from observations made be- 
fore, it is clear that not only can no isochronizing of the pen- 
dulum for different arcs counteract the errors of the dead 
escapement ; but that when the variation of time is due to 
the change of pallet friction, it would be still worse with an 
isochronous pendulum, because the circular error (as the 
above equation shows) tends to counteract the other error 
which is due to the change of arc, da. 

Mr Airy showed, in his before-mentioned paper, that the 
friction on the dead faces of the pallets, if it acted through 
exactly instead of nearly the same arc before and after zero, 
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Would produce no direct effect upon the time* But it is 
a great mistake to infer that this friction does not ma- 
terially affect the clock nevertheless. The fallacy of such 
an inference is shown at once by the above expressions for 
the escapement errors ; for the effect of all the friction on 
the pallets is to reduce the arc, or to require a larger force 
to produce the same arc And as the cube of the arc ap- 
pears in the denominator, and a large increase offeree is re- 
quired to produce a small increase of arc, it is obvious that 
the friction on the pallets indirectly and largely increases 
all the errors of the escapement, although it may produce 
very little direct effect upon the time, as compared with that 
of a firee pendulum vibrating the same arc In order to di- 
minish the friction and the necessity for using oil as far as 
possible, the best clocks are made with jewels (sapphires 
are the best for the purpose) let into the pallets. Mr Dent 
used them in the large clock at the Royal Exchange, pro- 
bably the first time they had ever been used in a turret 
clock, though softer and cheaper stones had been occasion- 
aUy used. 

The pallets are generally made to embrace about one- 
third of the circumference of the wheel, and it is not at all 
desirable that they should embrace more ; for the longer 
they are, the longer is the run of the teeth upon them, and 
the greater the friction. In the Great Exhibition Messrs 
Wagner of Paris had an apparatus for practically illustrating 
this, which however is obvious enough without any illus- 
tration. There is a good deal of difference in the practice 
of xlockmakers as to the length of the impulse, or the amount 
of the angle y + i^* Sometimes you see clocks in which the 
seconds hand moves very slowly and rests a very short time, 
showing that y+i^ is large in proportion to 2a; and in 
others the contrary. The transit clock at Greenwich was 
altered by the late Mr Dent to a short impulse, the escape 
taking place at only 3Cl afler zero ; and he was decidedly of 
opinion that a short impulse was the best, probably because 
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there is less of the force of the impulse wasted in frictioii 
then. It is not to be forgotten, as Mr Bloxam remarks in 
his paper on escapements in the Transactions cfthe A^(h 
nomical Society for 1853, that the scape-wheel tooth does 
not overtake the face of the pallet immediately, on account 
of the moment of inertia of the wheel. The wheels of as- 
tronomical clocks, indeed of all English house-clocks, are 
generally made too heavy, especially the scape-wheel, which 
by increasing the moment of inertia, requires a larger force, 
and consequently more firiction. We shall show presently, 
from another escapement, how much of the force is really 
wasted in firiction in the dead escapement. 

But before proceeding to other escapements, it is proper 
to notice a very useful form of the dead escapement, which 
is adopted in many of the best turret clocks, called the pin-- 
wheel escapement^ the invention of which is commonly as- 
cribed to LepauteofParis about the middle of the last century, 
though it appears to have been used as early by Whitehurst 
of Derby. Fig. 6 will 
sufficiently explain its ac- 
tion and construction. Its 
advantages are: — that it 
does not require so much 
accuracy as the other ; if 
a pin gets broken, it is 
easily replaced, whereas 
in the other the wheel is 
ruined if the point of a 
tooth is injured ; a wheel 
of given size will work 
with many more pins than 
teeth, and therefore a train 
of less velocity will do, 
and that in fact sometimes 
amounts to a saving of 
one wheel in the train, and a good deal of friction ; and 
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the blow on both pallets being downwards, instead of one 
up and the other down, the action is more steady ; all of 
which things are of more consequence in the heavy and 
rough work of a turret clock than in an astronomical one. 
The pins are generally semicylinders, as the upper half 
of the cylinder would obviously be of no use, and would 
waste nearly half the force in drop without action. But 
when the wheel is small, and the pallets short, as they 
ought to be for the reason before given, it is impossible to 
get a short angle of escape with semicylindrical pins unless 
they are very small, and therefore Mr Denison suggested 
the form on the left side of fig. 6, which Mr Dent used in 
his Great Exhibition clock, and subsequently in others. The 
pins are bits of brass wire driven into the wheel, about ten 
for every inch of diameter, and then the upper half, and 
a small slice o^ the bottom, cut off in a cutting engine. The 
distance of the lowest pallet from their axis should not be 
more than the diameter of the wheel. The cross section of 
pallets as now generally made is convex, and not flat, which 
involves greater accuracy, and therefore greater risk of in- 
accuracy. It has also been found expedient to make the 
dead faces not quite dead, but with a very slight recoil, 
which rather tends to check the variations of the arc, and 
also the general disposition to lose time if the arc is in- 
creased ; when so made, the escapement is generally called 
** half-dead." 

Passing by the various other modifications of the dead 
escapement which have been suggested and tried with little 
or no success, we proceed to describe one of an entirely 
different form, which was patented in 1851 by Mr C. Mac- 
dowall of Hyde Street, Bloomsbury, though it appeared 
afterwards that one very similar to it had been tried before, 
but failed from the proportions being badly arranged. It is 
represented in fig. 7. The scape-wheel is only a small disc 
with a single pin in it, made of a ruby, parallel, and very near 
to the arbor. The disc turns half round at every beat of the 

c 
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pendulum, and the pin gives the impulse on the vertical faces 
of the pallets, and the dead friction takes /^ 

place on the horizontal feces. Its ad- VIV 

vantages are, that the greatest part of the 
impulse is given directly across the line 
of centres, and consequently with very 
little friction; and therefore, also, the 
fnction on the dead faces is less than 
usual, and scarcely any oil is required ; it 
is also very easy to make. But there 
must be two more wheels in the train, 
consuming a good deal of the force of the 
clock-weight by their friction, which 
rather more than makes up for the friction 
saved in the escapement. It has how- 
ever been applied successfully to watches, 
and they appear to be affected by cold 
less than the common lever watch with its 
oblique impulse, exactly like that of the 
common dead escapement. A prize 
medal was aWarded for it in the Exhibi- . 
tion. In order to make the angle of \^ C9/ 
escape not more than 1°, the distance of ^^s* 7. 

the pin from the centre of the disc must not be more than 
^th of the distance of centres of the disc and pallets. 

With the view of getting rid of one of these extra wheels 
in the train, and that part of the impulse which is least 
effective and most oblique, Mr Denison shortly afterwards 
invented what he called the three-legged dead escapement; 
which, though he afterwards superseded it by his three' 
legged gravity escapement^ is still worth notice on account 
of the exceedingly small force which it requires, thereby 
giving a practical proof of the large proportion of the 
force which is wasted in friction in all the other impulse 
escapements. 

In fig. 8, the three long teeth of the scape-wheel ai*e 
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Fig. 8. 



only used for locking on the dead pallets D£, which 
are set on the front of the 
pallet plate ; AB are the 
impulse pallets, being hard 
bits of steel or jewels set in 
the pallet plate, and they 
are acted on by the three 
sharp-edged pins which are 
set in the scape-wheel 
pointing backwards. As 
soon as the pendulum moves 
a little further to the lefl 
than is here shown, the long 
tooth will slip past the dead 
pallet or stop D, and the 
pin at B will run afler and 
catch the comer of that impulse pallet and drive it until the 
wheel has turned through 60°, and then it will escape ; and 
by that time the uppermost tooth will arrive at the stop E, 
and will slide along it as in the common dead escapement, but 
with a pressure as much less than that which gives the im- 
pulse as the points of the teeth are further from the centre 
of the wheel than the impulse pins are. But the impulse 
is here given with so little friction, that even where the 
points of the teetli were made identical with the pins, the 
dock-weight required to keep the same pendulum with the 
ame train (a common turret-clock movement), swinging 
the usual arc of 2°, was only one-fifth of what had been re- 
quired with the common pin-wheel escapement. It appears 
also that it would be possible so to adjust the recoil of the 
half-dead pallets that the time would not be affected by any 
small variation of the force and the arc ; since it was found 
that, when a certain amount of recoil was given, the clock 
gained instead of losing, under an increase of arc due to an 
increase of clock-weight And if the force were kept con- 
stant by a train-remontoire, such as wiU be described here- 
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afler, there would in fact be nothing capable of altering the 
arc or the time. But on account of the small depth of inter- 
section of the circles of the pins and the pallets, on which its 
action depends, this escapement requires very careful adjust- 
ment of the pallets; and considering the superior qualities of 
the corresponding gravity escapement, it is not likely to be 
used, except perhaps in clocks required to go a long time, in 
which economy of force is a matter of consequence. The 
pallets should be connected witli the pendulum by a spring 
fork (which indeed is advisable in the other dead escapements 
with a heavy pendulum, especially the pin-wheel esci^e- 
ment), to prevent the risk of their driving backwards against 
the scape-wheel when it is not in motion, as it will not 
clear itself. The distance of the centres should be not less 
than 25 times tlie radius of the circle of the edges of the im- 
pulse pins. 

BEMONTOmE, OR GRAYITT ESCAPEMENTS. 

A remontoire escapement is one in which the pendulum 
does not receive its impulse from the scape-wheel, but from 
some small weight or spring which is lifted or wound up by 
the scape-wheel at every beat, and the pendulum has no- 
thing to do with the scape-wheel except unlocking it. 
When this impulse is received from a weight the escape- 
ment is also called a gravity escapement ; and inasmuch as 
all the remontoire clock escapements that are worth notice 
have been gravity escapements, we may use that term for 
them at once. The importance of getting the impulse 
given to the pendulmn in this way was recognised long be- 
fore all the properties of the dead escapement, as above in- 
vestigated, were known. For it was soon discovered that, 
however superior to the old recoil escapement, it was far 
from perfect, and that its success depended on reducing the 
friction of the train and the paUets as far as possible, which 
involves the necessity of high-numbered pinions and wheels, 
small pivots, jewelled pallets, and a generally expensive 
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Style of workmanship. Accordingly the invention of an 
escapement which will give a constant impulse to the pen- 
dulum, and nearly free from friction, has been for the last 
century the great problem of clock-making. We can do no 
more than shortly notice a very few of the attempts which 
have been made to solve it The most simple form of gravity 
esa^ment, and the 
one which will serve 
the best for investigat- 
ing their mathemati- 
cal properties (though 
it&iis in some essential 
mechanical conditions) 
is that invented by 
Mudge. The tooth A 
of the scape-wheel in 
fig. 9 is resting against 
the stop or detent a at 
the end of the pallet 
CA, firom the axis or 
arbor of which de- 
scends the half fork 
CP to touch the pen- 
dulum. From the other Fig. 9. 
pallet CB descends the other half fork CQ. The two arbors 
are set as near the point of suspension, or top of the pendulum 
spring, as possible. The pendulum, as here represented, 
must be moving to the right and just leaving contact 
with the left pallet and going to take up the right one ; as 
soon as it has raised that pallet a little it will evidently un- 
lock the wheel and let it turn, and then the tooth B will 
raise the lefl pallet until it is caught by the stop b on that 
pallet, and then it will stay until the pendulum returns and 
releases it by raising that pallet still higher. Each pallet 
therefore descends with the pendulum to a lower point than 
that where it is taken up, and the difference between them 
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is supplied by the lifHng of each pallet by the clock, which 
does not act on the pendulum at all ; so that the pendulum 
is independent of all variations of force and friction in the 
train. 

If the angle of the pendulum after zero, at which it takes 
up the pallet is called y, and that at which it leaves the 
other d= )9, according as the pendulum is then ascending 
or descending, the impulse is received through y ziz p. 
And if one pallet is taken up just when the other is left, 
the angle of impulse becomes 2 y, equally divided on 
each side of zero. Let P be the mass, and therefore Pg 
the weight of each pallet, p the distance of its centre 
of gravity from the axis C, and 8 the angle which a straight 
line from C to that centre of gravity would make with 
the pendulum when they are in contact ; M the mass, 
and / the length of the pendulum, as before ; then the equa- 
tion of motion of the pendulum (omitting the small mo- 
ment of inertia of the pallets as immaterial to this investi- 
gation) will be — 

'^^ --ff i ring + ^?'«"(8 + <') 'l 

This will expand into terms containing sin 0, for which 
may be substituted because it is very small, and one in- 
volving cos 6, which for the same reason may be treated 
as s 1 ; those containing only produce a permanent altera- 
tion of the time, just as if / was altered ; the other is the 
term to which the escapement errors are due. Mr Denison 
shows, by following up Mr Airy's calculations, that from 
this equation may be deduced the result, that the daily in- 
crease of time over that of the same pendulum swinging 
freely, due to this cause, may be thus expressed :— - 

Mliro} (y + j8) 
Wh being the clock-weight X its daily fall, after deducting 
for all the friction involved in moving the train and lifting 
the pallets. If the descending pallet is left by the pen- 
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dulum before zero, we must remember that y + ^ becomes 
y — ^, and consequently AT much larger than where the 
impulse is given through the middle of the arc. If one 
pallet is taken up by the pendulum just when it leaves the 
other (which is the best form of the escapement), then /3 
=7, and the expression assumes the more simple form — 

The — sign indicates tliat the rate of a pendulum with 
this escapement is faster than without it, and the difference 
is a good deal more than the difference the other way in 
the case of a dead escapement. Hence too it follows that 
if you reduce the arc in a gravity escapement by lightening 
the pallets, the clock will not gain, but lose, because light- 
ening the pallets is lowering the centre of gravity of the 
compound pendulum, which is formed by the pendulum 
and pallets together. But it does not follow that a gravity 
escapement must therefore be inferior to a dead one ; for 
the going of the clock depends not on the magnitude, but 
on the variation, of this quantity AT ; and where a gravity 
escapement is free from the usual mechanical defects, which 
will be noticed presently, the variation of rate can only 
arise from some slight change in the arc, owing to a change 
in the density of the air or in the very small friction of the 
pallets on their pivots or on the stops. We must therefore 
differentiate AT with regard to a, and then we have — 

a« 

rfAT ^ ?"^ rfa 



Ml 



ira 
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a 
And it is evident that if y is made = -t^ = 'Tla, this quan- 
tity vanishes altogether : that is to say, the variation of the 
difference of time of a gravity escapement pendulum from a 
free pendulum of the same length may be made nothing by 
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making the difference itself a maximmm; for this happens 
to be a maximum, and not a minimum, though the result 
would of course be the same in that case, by virtue of the 
well-known property of maxima and minima. And it is not 
necessary to adhere strictly to this proportion of a and y. 
Mr Denison found that, after allowing for the friction of the 

Wh 

train, the quantity -ijjj cannot be more than j^jf in the 

great Westminster clock ; and Mr Bloxam found it rather 
more in an astronomical clock pendulum, as it ought to 
be, because a light pendulum loses more of its vibration by 
the resistance of the air than a heavy one ; and it will be 
seen, by applying this value to the above expression for the 
rate, that the variation will be quite inconsiderable for any 
such change of arc as is likely to occur in a gravity escape- 
ment, even if y be made as small as ^ • 

o 

In those escapements where the pendulum leaves one 
pallet before it takes up the other, the expresaon for the 
variation of rate is 



cfAT = 






remembering that if the descending pallet is lefl before 
zero, y + P becomes y — )3 ; from which it is evident that 
that kind of escapement is very inferior to the other, al- 
though the pendulum being lefl free in the middle of its 
swing has a tempting appearance. Indeed this result may 
be easily arrived at without mathematics, because the angle 
through which the impulse is given (the difference between 
the drop and the lifl of each pallet), is necessarily smaller 
when one is dropped before zero ; and consequently any 
given variation of the arc of vibration bears a larger propor- 
tion to the arc of impulse, and also to the whole arc Uirough 
which the pallets act on the pendulum at all. This expres- 
sion however may be reduced to like the former one^ by 
making a, P, and y satisfy a certain condition, viz. : — 
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Thus if y = 90' instead of 85', db )3 should = 78', a be- 
ing taken at 2° as usual ; but for the reason just now given, 
any 'deviation from these proportions will produce much 
larger errors where the descending pallet is lefl before zero 
than where it is lefl just when the other is taken up. Mr 
Bloxam notices the changes of the density of the air as 
sensibly affecting the arc and the rate of a gravity escape- 
ment pendulum ; probably they affect a dead escapement 
less, because there the friction on the pallets greatly pre- 
ponderates over every other cause of disturbance. He says 
(p. 1 33, note), that though " it has been repeatedly proved 
in works on dynamics that the resistance of the air does not 
alter the time of vibration, this is only true on the supposi- 
tion that the resistance is the same in the ascent and the 
descent ;" whereas the current produced by the increasing 
velocity in the descent prevents the ascent from being re- 
tarded as it would be if the air were at rest ; and he has no 
doubt that any increased density of the air makes the pen- 
dulum go slower ; as . indeed it must from this cause also^ 
that it practically diminishes the specific gravity of the pen- 
dulum ; and therefore a rise of the barometer tends to 
make the clock gain, some persons have thought, as much 
as ^ or 1^ of a second a-day for one inch. But there does 
not seem yet to exist any sufficient collection of experiments 
to allow a definite conclusion to be arrived at as to the 
magnitude of this disturbance. No doubt the resistance of 
the air tends to diminish considerably the effect of the cir- 
cular error, which Mr Bloxam and others have found to be 
always much less than its theoretical value, even judging 
iirom the dead escapement with its large amount of friction. 
Besides the above mathematical condition, there are seve- 
ral mechanical ones which are still more essential to the 
success of a gravity escapement. The first is, that it must 
be safe from what is called tripping. Referring again to 
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fig. 9, it will be seen at once that if the scape-wheel should 
happen to move too fast when it is released, the lefl pallet 
will not be raised gradually by the tooth B, but be thrown 
up with a jerk, perhaps so high that die tooth slips past the 
hook ; and then not only will that tooth slip, but several 
more, and at last when the wheel is stopped it will be run- 
ning fast, and the points of some of the teeth will probably 
be bent or broken by catching against the pallet. And even 
if die pallet is not raised high enough for the tooth to get 
past or completely trip, it may still be raised so high that 
the point of the tooth does not rest on the hook exacdy 
where the slope of the pallet ends, but lower, and the fric- 
tion between them is quite enough to keep the pallet there ; 
and consequently the pendulum does not begin to lift it at 
the angle y, but at some larger angle ; and as the pallet 
always descends with the pendulum to the same point the 
duration of the impulse is increased, and the pendulum 
made to swing farther. Mr Denison calls this approximate 
tripping, and though not so injurious to the clock as actual 
tripping, it is obviously fatal to its accurate performance, 
though it appears not to have been noticed before. Various 
contrivances have been resorted to for the purpose of get- 
ting rid of the liability to trip. Gumming, the first inventor 
of gravity escapements, used two pairs of pallets, one pair 
being only for the locking, and not lifted at all by die scape- 
wheel, but only by the pendulum ; and this was effectual ; 
but stilLthe teeth suffered in time from the constant blows 
on the pallets, and the friction at unlocking was consider- 
able. Hardy^s escapement was just the same in principle, 
but worse, because he set the four pallets on springs instead 
of pivots, which being stronger in cold weather, and acting 
on the penduliun at the extremity of its arc, made the clock 
gain in winter ; and accordingly his escapement was taken 
out of the transit clock at Greenwich by Mr Dent, and re- 
placed by a dead escapement, with a short angle of escape, as 
before mentioned. The late Captain Kater invented an 
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edcapement in which he attempted to get rid of tripping by 
making the impulse pallets drop on to an anchor, like that of 
a dead escapement with the impulse faces cut oiF, and so 
unlock the wheel by their own weight. Mr Gowland's 
escapement was on the same principle as regards the un- 
locking, but he provided against tripping by putting paddles 
on to the pallets descending into a pot of oil. M. Gannery of 
Paris had an escapement in the Great Exhibition also on 
this principle as to the unlocking, but to prevent the trip 
he gave the wheel only a few teeth and a long run, with a 
very gradual rise of the pallets. Mr Bloxam had previously 
done the same thing with a wheel also of nine teeth, and 
with much less friction, as will be noticed presently. But 
on account of the delicacy required in all of these escape- 
ments (which we select out of a multitude of others as the 
best of their respective classes), and other objections, none 
of them have ever come into use. In fact, none of the in- 
ventors of them seem to have felt sufficient confidence in 
their success to venture upon a coarse and cheap tridn of 
wheels ; whereas, if a gravity escapement is not so indepen- 
dent of the force of the train that all variations in its friction 
may be disregarded, it fails in the most essential point, and 
descends to the condition of a common impulse escapement. 
For this reason also it is necessary that it should be in- 
dependent of oil, or, at any rate, that the friction which 
affects the pendulum in unlocking should be so small that 
no difference can be perceived in the arc whether oil is used 
or not. The oil in the parts which do not affect the pen- 
dulum is of no consequence, for the same reason that the 
friction of the train is of no consequence — ^if the escape- 
ment is what it professes to be. And lastly, it is essential 
to the success of a gravity escapement that it should be 
easy Hb make and tolerably cheap ; for, considering the ac- 
curacy of performance which can be attained by a highly 
finished dead esci^ement clock, there is no chance of su- 
perseding it unless you can get at least as much accuracy 
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with leM expense. The only one of the above-mentianed 
efapemento fdndi appraadics near enough to nliafying 
all these oondttions to be worth any furth er description is 
Mr Blosam's ; and we accordingly gire a doelch of it in 
£g. 10, which is copied (with a little ahention lor distmct- 
ness) from his own description of it, cuui u i uni cated in 
1853 to the Astronomical 
Society, some years after he 
had had it in action in a 
dock of his own; it had 
also been before described 
in Bfr Denison's book. This 
drawing wiU enable any one 
conversant with these mat- 
ters to understand its action. 
He made the pallet arbors 
cranked, to embrace the 
pendulum spring, so that 
their centres of motion might 
coindde with that of the 
pendulum as nearly as pos- 
sible ; peiiiaps an unneces- 
sary refinement ; at least the 
three-legged gravity escape- 
ment which we shall present- 
ly describe, answers very well 
with the pallet arbors set on each side of the top of the 
spring. The size of the wheel determines the length of the 
pallets, as they must be at such an angle to each other that 
the radii of the wheel when in contact with each stop may be 
at right angles to the pallet arm ; and therefore, for a wheel of 
thb size the depth of locking can only be very small. The 
pinion in Mr Bloxam's clock only raises the pallet through 4ff 
at each beat, i, e, the angle which we called y is only 2Cl; and 

probably if it were increased to anything like 70 the escape- 
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ment would trip immediately. The two broad pins marked 
£, F, are the fork-pins. The clock which Mr Bloxam had, 
went very well ; but it had an extremely fine train with 
pinions of 18 ; and we know that the late Mr Dent was 
always afraid to adopt the esa4)ement, on account of the 
great delicacy involved in it ; and though the consequent 
expense would have been of little consequence in the great 
Westminster clock, yet the risk of the teeth breaking if 
the wheel got a run, from any accidental lifUng of the pal- 
lets, and the apparent impossibility of making y even nearly 
satisfy the proper mathematical condition without risk of 
tripping, were considered by the Astronomer Royal and Mr 
Denison sufficient reasons for not requiring it to be intro- 
duced It should, however, be stated that Mr Bloxam is 
of opinion tliat a» 5 y is a better proportion than a = 3 y, 
to counteract the variation of density of the air. It was 
not till nearly a year afler the Westminster clock was 
begun, that Mr Denison converted his three-legged dead 
escapement into the gravity escapement, which is used there, 
and which we shall now describe. It will be observed 
that in fig. 1 1 the three teeth or legs are no longer straight, 
as in fig. 8, but bent, so that the lifUng pins and the 
points of the teeth would lie alternately on the radii of a 
hexagon. The pins too are no longer sharp, but plain bits 
of brass wire rivetted into the scape- wheel, which is of steel, 
in an astronomical clock about -^^th inch thick, and J^th in 
a turret clock. The pins raise the pallets by the projecting 
faces A, B, and the long teeth rest on the stops D, £, 
which are bits of steel screwed on, and hardened after 
they are adjusted. The points of the teeth are about six 
times as far from the centre as the pins are, and consequently 
their pressure on the stops is not enough to hold the pallets 
up if they do by accident get thrown too high ; and thus 
the effects of approximate tripping are prevented ; for 
the pallet immediately falls down again, and rests against 
the pin which lifted it until the pendulum returns and carries 
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it off: moreoYer the friction at unlocking is thus rendered in- 
sensible. The beat is adjusted 
by two thumb screws with 
broad and slightly convex steel 
heads set in the pendulum rod, 
which are embraced by brass 
fork pins from the bottom of 
the pallets. In turret clocks, 
where there is plenty of room, 
there are no beat screws, but 
the fork pins are made eccentric 
and so adjustable by the nuts 
which fix them to the pallets. 
In the finest clocks the lifting 
faces of the pallets are jew- 
elled, so that no oil is required. 
In turret clocks, however, there 
has been a striking proof that 
the escapement is sufficiently 
independent of oil ; for the first 
of these clocks was sent out to 
the cathedral at Fredericton 
(indeed Mr Denison was led to 
invent it from being requested 
to see if any clock could be 
made which would go toler- 
ably well through the cold of 
40° below zero,' which they 
have there in winter), and the 
person who takes care of it re- 
ports that he could observe no 
variation of the arc during the 
last winter, even while the oil 
was frozen as hard as tallow. 

But we have not yet noticed 
a very material feature in this Fig. ii. 
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escapement, viz., the fly, which is set on the scape-wheel 
arbor, with a friction spring, just like a common striking 
fly. It is this which moderates the velocity and renders 
it safe against tripping, and against any damage to the teeth 
from an accidental run, the motion of 60° at each beat being 
quite enough to render the fly effective. In turret clocks 
the fly is made about 5 inches long in each vane, and 1^ 
broad; in regulators, or clocks of astronomical size, about 1^ 
long and f broad. The stop £, which is struck upwards, 
should be set a little higher than the scape-wheel centre ; 
for if not, the blow has a tendency to throw the pallet out 
and make it trip, if the force is much increased ; the other 
stop D may be about on a level with the centre. The dis- 
tance of the pins from the centre may be about ^th of the 
distance of that centre from the pallet arbors ; and the weight 
of the pallets should be such as to make the pendulum 
swing not less than 2°, nor more than 2^° : this makes 
a = 3 y or thereabouts. In regulators, the distance of cen- 
tres has been generally made 6 inches (the scape-wheel 
being put near the bottom instead of the top of the frame), 
and in turret clocks 9 inches, except in the great West- 
minster clock, where it is 12 inches, on account of die great 
size of the pendulum, which was made before this escape- 
ment was invented. For, besides the other advantages^ it 
supersedes the necessity for a long and heavy pendulum, 
which is generally wanted to resist the variations of force in 
the escapement ; but here no such variations exist, at least 
none that reach the pendulum. There seems, however, 
one objection to it for observatory clocks, viz., that the beat 
makes very little noise; perhaps it might be made loud 
enough by increasing the weight of the scape-wheel, so as 
to make the blow on the pallets heavier. Before it was 
adopted for the Westminster clock, it was tried at the Royal 
Observatory in a common regulator ; and Mr Airy, who was, 
as we have seen, not likely to be prejudiced in favour of 
gravity escapements, expressed his complete satisfaction with 
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its performancey after trying upon it what he described as 
some ^^ malicious experiments." Several clocks of this kind 
have been since made by Mr Dent and a few other clock- 
makers, the turret clocks with cast*iron wheels, and the re- 
gulators with pinions of only 8 and even 6 leaves ; and the 
weight may be doubled without affecting the arc or the 
iBte. It only remains to be added, that it is very easy to 
make, and requires less delicacy than the common dead 
escapement ; and as it is not patented, it may be made by 
anybody. We may now proceed to matters involving merely 
mechanical, and not mathematical considerations. 

GOINO BABBELS. 

A clock which is capable of going accurately must have 
some contrivance to keep it going while you are winding it 
up. In the old-fashioned house-clocks which were wound 
up by merely pulling one of the strings, and in which one 
such winding served for both the going and striking parts, 
this was done by what is called the endless chain of Huy- 
gens, which consists of a string or chain with the ends joined 
together, and passing over two pulleys with deep grooves 
and spikes in them, so that the chain cannot slip. In one 
of the two loops or festoons which hang down from the 
upper pulleys, is a loose pulley, without spikes, carrying the 
clock-weight, and in the other a small weight only heavy 
enough to keep the chain close to the upper pulleys. Now, 
suppose one of those pulleys to be on the arbor of the great 
wheel of the striking part, with a ratchet and click, and 
the other pulley fixed to the arbor of the great wheel of the 
going part. Then (whenever the clock is not striking) you 
may pull up the weight by pulling down that part of the 
string which hangs down from the other side of the striking 
part ; and yet the weight will be acting on the going part 
all the time. And it would be just the same if you wound 
up the striking part and its pulley with a key, instead of 
pulling the string ; and also the same, if there were no striking 
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part at all, but the seeond pulley were put cm a blank arbor, 
except that in that case the weight would take twice as long 
lo run down, supposing tliat the striking part genetally 
requires the same weight x fall as the going part. 

This kind of ** going barrel/' however, is evidently not 
suited to the delicacy of an astronomical clock; and Harri- 
son's going ratchet is now universally adopted in such clocks, 
and also in chronometers and watches, for keeping the action 
of the train on the escapement during the winding. This fig. 
12 (in which the same letters are used as in the correspond- 
ing parts of %t I) shows its construction. The click of 
the barrel ratchet R is set upon another larger ratchet- 
wheel, with its teeth pointing the opposite way, and its 
click r T is set in the clock-frame. That ratchet is con- 
nected with the great wheel by a spvmgss' pressing against 
the two pins s in the 
ratchet, and s in the 
wheel* When you 
wind up the weight 
(which is equivalent to 
taking it off), the click 
T r prevents that 
ratchet from turning 
back or to the right; 
and as the spring W was 
kept by the weight in 
a state of tension equi- 
valent to the weight 
itself, it will drive the 
wheel to the lefl for 
a short distance, when 
its end s is held fast, 
with the same force as if that end was pulled forward by the 
weight ; and as the great wheel has to move very little during 
the short time tlie clock is winding, the spring will keep 
the cbck going long enough* 

D 
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In the commoner kind of tmret clocks a more simple ap-; 
paratus is used, which goes by the name of the bolt and 
shutter, becai^e it consists of a weighted lever with a broad 
end, which ^hats up the winding hole until you lifl it, and 
then a spring-bolt attached to the lever, or its arbor, runs 
into the teeth of one of the wheels, and the weight of the 
lever keeps the train going until the bolt has run itself out 
of gear. This spring bolt is sometimes made — and by 
manu&cturers of turret clocks, who ought to know better—' 
in the form of a click, so contrived that in one position of 
the wheel teeth it will not fall between them, but jams 
against the top, and stops the clock at once. Moreover, in 
the common construction of this apparatus there is nothing 
to ensure its being raised high enough to keep in gear the 
whole time of winding, if the man loiters over it, or, on the 
other hand, to enable him to take it out of action when he 
has done. For this purpose Mr Denison recommends thef 
arbor of the bolt and shutter to b&made to pump in and out 
of gear ; and, instead of the shutter covering the winding 
hole, to let it end in a circular arc advanced just far enough 
to prevent the key or winder from being put on, by obstruct- 
ing a ring set on the end of the pipe. In order to get the 
winder on, you must raise the lever high enough for the 
arc to clear the ring. During the two or three minutes 
which the clock may take to wind the arc will be descendr 
ing again behind the ring, so that now you cannot get the 
winder off again without also pulling the maintaining power 
out of gear ; so that even if it is constructed to keep in ac- 
tipn ten minutes, if required, still it will never remain in ac- 
tion longer than the actual time of winding. 

In clocks with a train remontoire it is hardly safe to 
rely on a spring going barrel ; and, accordingly, in the 
Royal Exchange clock, Mr Dent adopted a self-acting 
gravity one, invented by Mr Airy ; but on account of the 
great expense involved in it, it has never been used again ; 
and where it is of consequence (which it seldom can be 
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in a large clock) to avoid the duplication of force for the 
moment before the man begins winding, and afler he has 
done, it may be done by a self-acting apparatus of very 
simple character which Mr Denison contrived for the great 
Westminster clock, because such a large clock would require 
an inconveniently heavy bolt and shutter work, if it was to 
be done in that way. In that clock a bar hangs obliquely 
from the arbor of the great wheel, behind it ; and in the 
lower end of this bar is the pivot of the arbor of the wind- 
ing pinion, and it has a click which takes into a ratchet 
cast on the back of the great wheel. When you begin to 
wind up, the bar is prevented from running upwards by the 
click, and for the time it becomes the same as if the back 
pivot of the winding arbor, or the fulcrum for turning the 
winding pinion, was in the great wheel itself; and conse- 
quently the act of winding, or turning the barrel to the left 
by means of the wheel on its end, close to the great wheel, 
tends also to turn tlie great wheel itself to the right, which 
is its proper direction. In fact, the force upon it is rather 
greater in winding than when not winding, which is of no 
consequence ; if it were, it might be compensated by weight- 
ing the lever to the amount of the difference. The winding 
arbor is very long, the clock frame being no less than 4-^ 
feet wide, and therefore its angular play in the front pivot- 
hole during the time of winding is very little. It pumps out, 
so as to pull the pinion out of gear with the winding wheel. 

EQUATION CLOCKS. 

It is hardly worth while to occupy any space in describing 
a machine so nearly obsolete as what used to be called equa- 
Hon (t. e. equation of time) clocks. Their object was to 
show true solar, or sundial time, instead of mean golar time, 
which, as we all know from the almanacs, is as much as 16 
minutes behind the sun in November, and 14 minutes be- 
fore it in February, and they only agree four times in the 
year. These clocks were never much used in England : 
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in Paris, even the public clocks, until the year 1826, were 
furnished with equation work so as to show solar time. But 
as the principle of this machiner}* is remarkable, and may 
be useful for some other purposes, we will shortly indicate 
the nature of it. 

In fig. 13 let' Aa be the hour-wheel of the common dial 
work, with its arbor prolonged to 
C, and turning the oppodte way to 
what the hands are intended to 
turn. The minute-hand is set on 
a pipe b of the wheel B5, which 
rides on the arbor aC. Both of 
these are bevelled wheels of the 
same number of teeth, and they 
are connected by an intermediate 
bevelled wheel or pinion D, of any 
number. This pinion rides on the 
end of the bar £D, which itself 
rides on the arbor aC, at right 
angles to it. Now, so long as the 
end D of the bar ED is held fast, 
the wheel B, which carries the 
hand, will turn in one hour exactly 
as A does, only the opposite way. 
But if while A is moving uniformly 
with the clock train, we move ED with its pinion, it will evi- 
dently superadd another motion to B besides that which it re- 
ceives from A. If we move ED through a in the same direc- 
tion as B is naturally moving, it will give B an additional 
motion of 2a ; and if we move the bar tlie other way it will di* 
minish B*s motion by the same angle 2a. If then the end of 
the bar is made to travel on the edge of a plate of the shape 
shown at Q^, turning in a year on a centre O, the hand 
wheel will be constantly accelerated or retarded from the 
mean time of the other wheel, according as the point of the 
plate in contact with D is at a longer or shorter distance 
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fitnn its centre O than the average. The equation plate 
of course is not really in the position drawn here in order 
to exhibit its shape, but in a plane parallel to the wheels A 
and B, and it is driven by a slow train of wheels or an end- 
less screw horn the arbor a. Instead of bevelled wheels, it 
will be the same thing if we put a common pinion between 
a common spur-wheel on the arbor a, and an intamal 
wheel (t. e. a wheel with teeth on the inside of its rim) in 
the place of B ; only in that case the two wheels will move 
with different velocities in proportion to the numbers of 
their teeth. The pinion between them rides on a stud in 
the side of the bar, which rides on the main arbor at one 
end, and the other end rests on the equation plate, as be- 
fiire. Or again, it may be done without either bevelled or 
internal wheels, by an arrangement like that which we shall 
have to describe (see fig. 16) under the head of train re* 
montoires. Professor Willis, in his Princ^les of Mecka* 
numy gives the name of encyclical trains to all these ar- 
rangements for adding a secondary motion to a wheel with- 
out interfering with the primary motion which it rec^ves 
from the principal train. 

We cannot stop to describe the various contrivances for 
making clocks show the days of the month, periods of the 
moon, and other phenomena. The old day of the month 
ck)cks required setting at the end of every month which 
has not 31 days, and have long been obsolete. We have 
lately seen some cheap clocks made at Wolverhampton (the 
first attempt at rivalling the American clocks) with day 
of the month work which does not require setting; but 
it would take more space to describe than our limits allow, 
and we must proceed to matters of more common use. 

STBIKIKG CLOCKS. 

There ore two kinds of striking work used in clocks. The 
older c/f them, which is still used in all the foreign clocks, 
and in most turret clocks in England also, will not allow the 
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Striking of any hour to be either omitted or repeated, without 
making the next hour strike wrong ; whereas, in Uiat which 
is used in all the English house clocks, the number of blows 
to be struck depends merely on the position of a wheel at- 
tached to the going part ; and therefore the striking of any 
hour may be omitted or repeated without deranging the 
following ones. In turret clocks there is no occasion for the 
repeating movement ; and for the purpose of describing the 
other which is called the locking-plate movement, we may 
as well refer to fig. 18, which is the front view of a large 
dock, striking both hours and quarters on this plan. In the 
hour part (on the left), you observe a bent lever BAH, 
called the ^^ lifUng piece," of which the end H has just been 
let off by the snail on the hour wheel 40 of the going part ; 
and at the other end there are two stops (not shown in the 
drawing as they were intended to be), one behind, and 
rather below the other ; and against the upper one the bent 
end of a short lever 9 B, which is fixed to the arbor of the 
fly, is now resting. We omit the description of the action 
of the wheels, because it is evident enough. At D may be 
seen a piece projecting from the lever AB, and dropping 
into a notch in the wheel 78. That wheel is the locking 
wheel or locking plate ; and it has in reality notches such as 
D all round it, at distances 2, 3, up to 12, firom any given 
point in the circumference, which may be considered as 
marked off into 78 spaces, that being the number of blows 
struck in 12 hours. These notches are shown in the lock- 
ing plate of the quarter part in ^g, 18, but not in the hour 
part, for want of size to show them distinctly. Now, when 
the arm AB of the lifting piece is raised by the snail a few 
minutes before the hour, the fiy-pin slips past the first of the 
stops at B, but is stopped by the second and lower one, until 
the lever is dropped again exactly at the hour. Thus the 
pin can pass, and would turn once round freely, allowing 
the train to go on a little; but before it has got once 
round, the lifting piece has been lifted again high enough to 
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let both stops clear the fly-pin, by means of the cylinder, 
with two slices taken off it, which is set on the arbor of the 
wheel 90, and on which the end of the lifting piece rests by 
means of a small roller (to diminish tlie friction). If the 
clock has only to strike one, the lifUng piece will then drop 
again, and the fly-pin will be caught by die first stop, having 
made ^(according to the numbers of the teeth given in fig. 
18), 5 turns. But if it has to strike more, the locking 
wheel comes into action. That wheel turns with the train, 
either by pinion 20 as shown here, or by a gathering pallet 
on the arbor of the second wheel, and it will easily be seen 
that when once the lifting piece is lifted out of a notch in 
the locking plate, it cannot &11 again until another notch has 
come under the bit D ; and as the distance of the notches is 
proportioned to the hours, the locking plate thus determines 
the number of bk)ws struck. It may occur to the reader, 
that the cylinder and roller are not really wanted, and that 
the locking plate would do as well without ; and sometimes 
clocks are so made, but it is not safe ; for the motion of the 
locking plate is so slow, that unless everything is very care- 
fully adjusted and no shake lefl, the corner of the notch may 
not have got fairly under the bit D before the fly has got 
once round, and then the lifUng piece will drop before the 
clock can strike at all. 

Fig. 14 shows the other kind of striking work, being the 
front view of an Englisli house clock when the dial is taken 
off. As in fig. 1, M is the hour-wheel, on the pipe of 
which the minute hand is set ; N the reversed hour- wheel, 
and n its pinion, driving the 12-hour wheel H, on whose 
socket is fixed what is called the snail Y, which belongs to 
the striking work exclusively. The hammer is raised by 
the 8 pins in the rim of the second wheel in the striking 
train, in the manner which is obvious. The hammer does 
not quite touch the bell, as it would jar in striking if it did, 
and prevent the full sound ; and if you observe the form of 
the hammer-shank at the arbor where the spring S acts upon 
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it, you will see that the spring both drives the hammer againsi 
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die bell when the tail T is raised, and also checks it just 
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before it reaches the bell, and so the blow on the bell is 
given by the hammer having acquired momentum enough 
to go a little £uther than its place of rest. Sometimes two 
springs are used, one for impelling the hammer, and the 
other for checking it. A piece of vulcanized India rubber 
tied round the fullar just where the hammer-shank nearly 
touches it, forms as good a check spring as anything. The 
pinion of the striking wheel generally has 8 leaves, the same 
number as the pins; and as a dock strikes 78 blows in 12 
hours, the great wheel will turn in that time if it has 78 
teeth, instead of 96 which the great wheel of the going part 
has for a centre pinion of 8. The striking wheel drives the 
wheel above it once round for each blow, and that wheel 
drives a 4th (in which you observe a single pin P), 6, or 
any oilier integral number of turns, for one turn of its own, 
and that drives a fan-fly to moderate the velocity of the 
train by the resistance of the air, an expedient at least as 
old as De Vick's clodc in 1370. The wheel N is so ad- 
justed that within a few minutes of the hour the pin in it 
raises the lifting piece LON so far, that that piece lifts the 
(£ck C out of the teeth of the rack BKRV, which imme- 
diately falls back (helped by a spring near the bottom) as 
as fo as its tail V can go by reason of the snail Y, against 
which it falls ; and it is so arranged that the number of 
teeth whidi pass the click is proportionate to the depth of 
the snail; and as there is one step in the snail for each 
hour, and it goes round with the hour hand, the rack al- 
ways drops just as many teeth as the number of the hoiur to 
be struck. This drop makes the noise of ^ giving warn- 
ing." But the clock is not yet ready to strike, till the Mi* 
iag piece has fallen again ; for as soon as the rack was let 
off, die tail of ^ thing called the gathering palld G» on 
the prolonged arbor of the dd wheel, was enabled to pass 
the pin K of the rack on which it was pressing before, and 
die strildmg ttam began to move ; but before die 4th wheel 
had got half round, its pin P was caught by the end of the 
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lifting piece, which is bent back and goes through a hole in 
the plate, and when raised stands in the way of the pin P, 
so that the train cannot go on until the lifting piece drops, 
which it does exactly at die hour, by the pin N then slipping 
past it. Then the train is free ; the striking wheel begins. 
to lifl the hammer, and the gathering pallet gathers up the 
rack, a tooth for each blow, until it has returned to die 
place at which the pallet is stopped by the pin K coming 
under it. In this figure the lifting piece is prolonged to F 
where there is a string hung to it, as this is the proper place 
for such a string when it is wanted for the purpose of learn- 
ing the hour in the dark, and not (as it is generally put) on 
the click C ; for if it is put there, and you hold the string a 
moment too long, the clock will strike too many $ and if 
fhe string accidentally sticks in the cas6, it will go on strik- 
ing till it is run down ; neither of which things can happen 
when the string is put on the lifting piece. 

The snail is sometimes set on a separate stud with the 
apparatus called a star wheel and jumper (see Denison's 
Rudimentary TreeUise, p. 123) ; but, as thb only increases 
the cost without any advuitage that we can see, we omit 
any further reference to it On the lefl side of the frame 
we have placed a lever, x, with the letters st below it, and 
si above. If it is pushed up to si the other end will come 
against a pin in the rack, and prevent it from falling, and will 
thus make the clock silent ; and this is much more simple 
than the common ^^ strike and silent" apparatus, which we 
shall therefore not describe. 

If the clock is required to strike quarters, a third, part, or 
train of wheels, is added on the right hand of the going 
part ; and its general construction is the same as the hour- 
striking part ; only there are two more bells, and two ham- 
mers so placed that one is raised a litde afler the other. 
There is a method of making die same part do both the 
quarter and hour striking ; but it is very seldom used, and 
would take too loQg to describe here. If there are more 
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quarter bells than two, the hammers are generally raised by 
a chime barrel, which is merely a cylinder set on the arbor 
of the striking wheel (in that case generally the third in the 
train), with short pins stuck into it in the proper places to 
raise the hammers in tlie order required for the tune of the 
cliimes. The quarters are generally made to let off the 
hour, and this connection may be made in two ways. If 
the chimes are different in tune for each quarter, Und not 
merely the same tune repeated two, three, or four times, the 
repetition movement must not be used for them, as it would 
throw the tunes into confusion — but the old locking-plate 
movement, as in turret clocks ; and therefore, if we conceive 
the hour lifting piece connected with the quarter locking 
plate, as it is with the wheel N in fig. 14, it is evident that 
the pin will discharge the hour-striking part as the fourtli 
quarter finishes. 

But where the repetition movement is required for the 
quarters the matter is not quite so simple ; but the principle 
of it may be shortly described thus : — the quarters them- 
selves have a rack and snail, &c., just like the hours, except 
that the snail is fixed on one of the hour-wheels M or N 
instead of on the twelve-hour wheel, and has only four 
Steps in it« Now, suppose the quarter rack to be so placed 
that when it falls for the fourth quarter (its greatest drop) it 
falls against the hour lifting piece somewhere between O 
and N, so as to raise it and the click C. Then the pin Q 
will be caught by the click Q^, and so the lifting piece will 
renaain up until all the teeth of the quarter rack are gathered 
up ; and as that is done it may be made to disengage the 
click Q^r, and so complete the letting off of the hour strik- 
ing. (This click Q^, of course, has no existence except 
where tliere are quarters.) 

These quarter clocks are sometimes made so as only to 
strike the quarters at the time when a string is pulled — ^as 
by a person in bed, just like repeating watches, which are 
rarely made now, on account of the difficulty of keeping in 
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order such a complicated machine in such a small space. 
In this case the act of pulling the string to make the dock 
strike, winds up the quarter barrel, which is that of a spring- 
dock (not yet described, but well known to everybody), as 
ftr as it is allowed to be wound up by the position of a snail 
on the hour-wheel, against which a lever is pulled, just as 
the tail of the common striking rack falls against the snail 
on the 12-hour wheel ; and it is easy to see that the num- 
ber of blows struck by the two quarter hammers may thus 
be made to depend upon the extent to which the spring 
that drives the train is wound up ; and it may even be made 
to indicate half-quarters ; for instance, if the snail has 8 
steps in it, the 7th of them may be just deep enough to let 
the two hammers strike three times, and the first of them 
once more, which would indicate 7^ minutes to the hour. It 
is generally so arranged that the hour is struck first, 2Uid the 
quarters afterwards. But we cannot afford the space to 
describe the details of these occasional contrivances. 

ALABI7HS. 

In connexion with these bed-room docks we ought to 
mention alarums. Perhaps the best illustration of the mode 
of striking an alarum is to refer to either of the recoil 
escapements (figs. 3 and 4). • If you suppose a short ham*- 
mer instead of a long pendulum attached to the aids of the 
pallets, and the wheel to be driven with sufficient force, it 
will evidently swing the hammer rapidly backwards and for- 
wards ; and the position and length of the hammer head 
may be so adjusted as to strike a bell internally, first on one 
side and then on the other. Then as to the mode of letting 
off the alarum at the time required ; if it was always to be 
let off at the same time, you would only have to set a pin 
in the 12-hour wheel at the proper place, to raise the lift- 
ing piece which lets off the alarum at that time. But as 
you want it to be capable of alteration, this discharging j»a 
must be set in another wheel (without teeth), which rides 
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with a friction spring on the socket of the 12-hour wheel, 
with a small moveable dial attached to it, having figures so ar- 
ranged with reference to the pin, that whatever figure is made 
to come to a small pointer set as a tail to the hour hand, 
the alarum shall be let off at that hour. The letting off 
does not require the same apparatus as a common striking 
part, because an alarum is not to strike a definite number 
of blows, but to go on till it is run down ; and therefore the 
lifUng piece is nothing but a lever with a stop or hook upon 
it, which, when it is dropped, takes hold of any one of the 
alarum wheels, and lets them go while it is raised high 
enough to disengage it. You must of course not wind up 
an alarum till within 12 hours of the time upon it is wanted 
to go off, unless the hour hand is one that turns in 24 
hours, instead of 12. 

The watchman's or tell-tale clock the reader may have 
seen in one of the lobbies of the House of Commons, and 
in prisons, and some other places, where they want to make 
sure of a watchman being on the spot and awake all the 
night; it is a clock with a set of spikes, generally 48 or 96, 
sticking out all round the dial, and a handle somewhere in 
the case, by pulling which you can press in that one of the 
spikes which is opposite to it, or to some lever connected 
with it, but no others ; and it will be observed, that this 
wheel of spikes is carried round with the hour hand, which in 
tliese clocks is generally a 24-hour one. 

It is evident that every spike which is seen still sticking 
out in the morning indicates that at the particular time to 
which that spike belongs the watchman was not there to 
push it in — or at any rate, that he did not do it ; and hence 
its name. A t some other part of their circuit, the inner ends 
of the pins are carried over a roller or an inclined plane 
which pushes them out again ready for business the next 
night. 
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SPRING CLOCKS. 

Hitherto we have supposed all clocks to be kept going by 
a weight. But, as is well known, many of tliem are driven 
by a spring coiled up in a barrel. In this respect they di£Per 
nothing from watches, and therefore we shall defer all con- 
sideration of the construction of the parts belonging to the 
spring till we treat of watches. It may, however, be men- 
tioned here, that the earliest form in which a spring seems 
to have been used was not that of a spiral ribbon of steel 
rolled up, but a straight stiff spring held fast to the clock frame 
atone end, and a string from the other end going round the 
barrel, which was wound up ; of course such a spring would 
have a very small range. Spring clocks are generally resorted 
to for the purpose of saving space, and as clocks are generally 
made in England, it is impossible to make a weight-clock 
capable of going a week, without either a case nearly 4 feet 
high, or else the weights so heavy as to produce a great pres- 
sure and friction on the arbor of the great wheel. But this 
arises from nothing but the heaviness of the wheels, and the 
badness of the pinions used in most English clocks, as is sim- 
ply proved by the fact that the American clocks go a week 
with both less weights and less fall for them than the English 
ones, and this with no assistance from fine workmanship, for 
the purpose of diminishing friction, as they are remarkable 
for their want of what is called ^' finish" in the machinery, 
on which so much time and money is wasted in nearly all 
English clock-work. Moreover, in the American clocks 
the pinions are all of the kind called lantern pinions (see 
fig. 34), which are pinions having their leaves made only 
of bits of wire set round the axis in two collars ; and, oddly 
enough, are the oldest form of pinion, as well as the best, 
acting witli the least friction, and requiring the least accu- 
racy in the wheels, but now universally disused in all Eng- 
lish and French house clocks. The American clocks prove 
that they are not too expensive to be used with advantage 
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when properly made, although so long as there are no 
manufactories of clocks here as there are in America, it may 
be cheaper to make pinions in the slovenly way of cutting 
off all the ribs of a piece of pinion wire, so as to reduce it 
to a pinion a quarter of an inch wide, and an arbor 2 or 3 
inches long. The wheels of the American clocks are all 
stamped, and the holes in the plates also ; in fact, there is 
probably not two shillings worth of mere manual labour 
in the whole of an American clock movement There is 
no doubt that in the making of machines by machinery the 
Americans are far ahead of us : witness also Colt's revol- 
vers and Hobbs's locks. On the whole, the common English 
house clocks, so far from having improved with the general 
progress of machinery, are worse than they were 50 years ago, 
and at the same time are of such a price that they are being 
fast driven* out of the market by the American plain clocks, 
and by the French ornamental ones ; for their movements 
are also made by machinery at surprisingly low prices. In- 
deed, until very lately we were inferior to the French also 
in a kind of clock in which above all others we ought to be 
superior to the rest of the world, viz., in the largest kind of 
clocks, to which we shall now devote a few pages. 

TURRET CLOCKS. 

Seeing that a clock — at least the going part of it — ^is a 
machine in which the only work to be done is the over- 
coming of its own friction and the resistance of the air, it is 
evident when tlie friction and resistance are very much in- 
creased, it may become necessary to resort to expedients 
for neutralizing their effects which are not required with a 
more moderate friction. In a turret clock the friction is 
enormously increased by the great weight of all the 
parts ; and the resistance of the wind, and sometimes snow, 
to the motion of the hands, further aggravates the diffi- 
culty of maint^uning a constant force on the pendulum ; 
and besides that, there is the exposure of the clock to 
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the dirt and dust which are always found in towers, and 
of the oil to a temperature which nearly freezes it all 
throij^h the usual cold of winter. This last circumstance 
alone will generally make the arc of the pendulum at 
least half a degree more in summer than in winter ; and 
inasmuch as the time is materially affected by the force 
which arrives at the pendulum, as well as the friction on the 
pallets when it does arrive there, it is evidently impossible 
for any turret clock of the ordinary construction, especially 
with large dials, to keep any constant rate through the va« 
rious changes of temperature, weather, and dirt, to which it 
is exposed. And yet it is remarkable that, with the two 
exceptions we shall have to mention, the English dock- 
makers have universally set their faces against die adoption 
of any of the contrivances, whether of foreign or of £ng^ 
lish invention^ for the purpose of obtaining a constant 
force on the pendulum, and have even presumed so far 
on the ignorance of the public as to assert that the com<* 
pensation of the pendulum is unnecessary, although turret 
clocks are of course exposed to greater variations of tern* 
perature than any others. The only excuse for such an as- 
sertion — and indeed with regard to ordinary turret clocks it 
is a sufficient one, is, that it is not worth while to provide 
against the errors from change of temperature while the 
clock is lefl exposed to errors quite as large from other 
causes, against which the makers do not know how to pro* 
vide. 

But in the year 1843 a series of improvements began, 
which in the course often years have completely changed 
the construction and the character of the best English tur- 
ret clocks, and they can now be made to go better than the 
best astronomical clocks ; while at the same time the merely 
superficial refinements which it had become the fashion to 
introduce as a disguise for the absence of all scientific im* 
provement, have been dispensed with, and the price consi* 
derably reduced. In that year, it appears from the papers 
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which were afterwards published on the subject, the late Mr 
Dent was engaged to make the large clock for the newly 
built Royal £xchange, which was desired to be superior to 
any public clock in England, and with that view was re- 
quired to satisfy certain conditions proposed for the first 
time by the Astronomer Royal, and such as could not be sa- 
tisfied by any clock of the common construction. He had 
then no ^u:tory of his own for making large clocks, and re- 
lied on getting it made under his directions by some of the 
few real manu&cturers of such things. But although these 
persons are generally willing enough to execute tlie orders 
of other clockmakers, and even allow them to put their 
own names cm the clocks, Mr Dent found himself unable to 
get this clock made for him at all, and it was expected as a 
matter of course that he would be obliged to give up the 
contract; but with the energy and genius by which that 
remarkable man raised himself from a tallow-chandler's ap- 
prentice to the position of the first horologist in the world, 
he at once set up a factory for himself at a great expense, 
and made the clock there ; and of this, tlie first turret clock 
he had ever made, the Astronomer Royal certified in 1846, 
that it not only satisfied his conditions, but that Mr Dent 
had made some judicious improvements upon his suggestions, 
and that he had no doubt it was the best public clock in the 
world. The clock tower of the Exchange seems to have 
been prolific of disputes, for the peal of bells on which the 
clock was also to play chimes every three hours have had 
to be recast twice since they were put up, once by the ori- 
ginal founders and once by another ; and it was not till af- 
ter the clock had been going eight or nine years that the 
chimes were allowed to play regularly. 

The construction of the Exchange clock, however, was 
too expensive for general use ; and accordingly Mr Dent next 
devoted himself to simplifying it. At first, he borrowed a 
good deal from the clocks of Messrs Wagner, the eminent 
makers of Paris ; but by degrees he introduced various mo- 
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dificadons of their plans, chiefly from the suggestions of Mr 
Denison ; and before his death in 1863 the plans which we 
shall now describe were adopted as the settled forms for 
the different kinds of the best turret clocks. They have 
since been followed by his successor, Mr Dent of the Strand 
and the Royal Exchange, and also by Mr Joyce of Whit* 
church (Salop), who had before enjoyed the reputation of one 
of the best provincial clockmakers ; but as far as we know, 
by no other makers — certainly by no London ones, though 
they are free from the incumbrance of patents. 

The old, or, as the clockmakers would say, the ^' long 
established ** form of a turret clock is that of a large iron 
cage, of which some of tlie vertical bars take off, and are 
fitted with brass bushes for the arbors of the wheels to run 
in ; and the wheels of each train, t. e. the striking train, the 
going, and the quarter train, stand over each other with their 
pivots all in the vertical bar belonging to that part. Oc- 
casionally they have advanced so far as to make the bushes 
moveable, t. e, fixed with screws instead of rivetted in, so that 
one wheel may be taken out without the others; but very few 
of the makers, except the late Mr Vulliamy, admitted even 
this most obvious improvement. This cage generally stood up- 
on a wooden stool on the floor of the clock room. The French 
clockmakers long ago saw the objections to this kind of ar- 
rangement, and adopted the plan of a horizontal frame or 
bed, cast all in one piece, and with such smaller frames or 
cocks set upon it as might be required for such of the wheels 
as could not be conveniently got on the same level. Mr 
Dent's Great Exhibition clock, for which he received the 
council medal, now at the King's Cross station in London, 
was on this plan ; and the adjoining sketch (fig. 16) of the 
clock at Meanwood church, near Leeds, will sufficiently 
explain it. All the wheels of the going part, except the 
great wheel, are set in a separate frame called the move* 
ment frame, which is complete in itself and light enough to 
take off and carry away entire, so tliat any cleaning or repairs 
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required in the most delicate part of the woric can be done 
in the clock factory, and the great wheel, barrel, and rope 
need never be disturbed at all. Even this movement frame 
is now dispensed with ; but we will reserve the description 
of the still more simple kind of frame in which cUl the 
wheels lie on, or under, the great horizontal bed, until we 
have described that part of the clock which is referred to 
by the words " reinontoire fly* in fig. 15. 

TRAIN B£MOim)IBES« 

Under the head of escapements we mentioned the causes 
of error in all the common esa^ments which derive the 
impulse to the pendulum from the clock train, viz., the va^ 
riation of friction arising from dirt, want of fresh oil, thick- 
ening of the oil in cold weather, and the action of the wind 
on the hands. It was long ago perceived that all these 
sources of error, except the friction of the pallets, might be 
cut off (assuming the problem of a gravity escapement to 
be as hopeless as it had come to be considered from the 
numerous failures) by making the force of the scape-wheel 
to depend on a small weight or spring wound up at short in- 
tervals by the great clock weight and the train of wheels. 

This also has the advantage of giving a sudden and visible 
motion to the minute hand at those intervals, say of half a 
minute, when the remontoire work is let off, so that time 
may be taken from the minute hand of a large public 
clock as exactly as from tlie seconds hand of an astronomi- 
cal clock ; and besides that, greater accuracy may be ob- 
tained in the letting off of the striking part. However, the 
attempt to secure the advantage of a more constant force 
was made many years before the possibility of making tur- 
ret clocks go with anything like the accuracy of astronomi- 
cal clocks was contemplated; and we believe the first 
maker of a large clock with a train remontoire, was the late 
Mr Thomas Reid, clockmaker, of Edinburgh, who wrote the 
article on clocks in the first edition of this work, afterwards 
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expanded into a well known book, in which this remontoire 
is described. The scape-wheel was driven by a small 
weight hung by a Huygens's endless chain, of which one of 
the pulleys was fixed to the arbor, and the other rode upon 
the arbor with the pinion attached to it, and the pinion was 
driven, and the weight wound up by the wheel below 
(which we will call the 3d wheel), as follows : — Assuming 
the scape-'Wheel to turn in a minute, its arbor has a notch 
cut half through it on opposite sides in two places near to 
each other. On the arbor of the third wheel, which turns 
in IQ minutes, suppose, there is another wheel with 20 
spikes sticking out of its rim, but alternately in two different 
planes, so that one set of spikes can pass through one of the 
notches in the scape-wheel arbor and the other set through 
the other. Whenever then the scape-wheel completes a 
half turn, one spike is let go and the third wheel is able to 
move, and with it the whole clock train and the hands, un- 
til the next spike of the other set is stopped by the scape- 
wheel arbor ; at the same time the pinion on that arbor is 
turned half round, winding up the remontoire weight, but 
without taking its pressure off the scape-wheel. Reid says 
that so long as this apparatus kept in good order, the clock 
went better than it did afler it had been removed in con- 
sequence of its getting out of order from the constant bang- 
ing of the spikes against the arbor. 

The Exchange clock was made on the same principle, 
except that instead of the endless chain an internal wheel 
was used with the spikes set on it externally, which (as we 
explained under egucttian tvork) is one of the modes by 
which an occasional secondary motion may be given to a 
wheel witliout disturbing its primary and regular motion. 
A drawing of the Exchange clock remontoire, and also of 
the bevelled-wheel plan (like the equation work at fig. 13), 
which is generally used in the French remontoire clocks, is 
given in Mr Denison's JRudimentary Treatise ; and for the 
reasons which will appear presently, it need not be repeated 
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here, especially as the following is a still more simple ar-* 
rangement of a gravity train remontoire, also used by the 
French* Let £ in ^g, 16 be the scape- wheel turning in a 
minute, and e its pinion which is driven by the wheel D 
having a pinion d driven by the second or centre wheel C, 
which we may suppose to turn in an hour. The arbors of 
the scape-wheel and centre-wheel are of course distinct^ 
their pivots meeting in a bush fixed somewhere between 
the wheels. The pivots of the wheel D are set in the firame 
AP, which rides on the arbors of the centre-wheel and 
scape-wheel, or on another short arbor between them. The 
centre wheel also drives another wheel 6, which again 




Fig. 18. 

drives the pinion /on the arbor which carries the two arms 
fAffB; and on the same arbor is set a fly with a ratchet, 
like a common striking fly, and the numbers of the teeth 
are so arranged that the fly will turn in the same time as 
the scape-wheel. The ends of the remontoire arms /A, 
/ B, are capable of alternately passing the notches cut half 
through the arbor of the scape- wheel, as those notches suc« 
cessively come into the proper position at the end of every 
half minute ; and as soon as that happens the centre wheel 
raises the moveable wheel D and its frame through a small 



TBAm BEH0NT0IBE8. 71 

angle ; but, nevertheless, that wheel keeps pressing on the 
scape-wheel as if it were not moving, the point of contact 
of die wheel C and the pinion d being the fulcrum or cen- 
tre of motion of the lever AdP. It will be observed that 
the remontoire arms/ A,/ B have springs set on them to 
diminish the blow on the scape-wheel arbor, as it is desir* 
able not to have the fly so large as to make the motion of the 
train, and consequently of the hands, too slow to be distinct. 
In all the Frendi remontoire clocks in the Great Exhibi- 
tion the motion was too slow, and consequently less easy to 
observe accurately than in the Westminster clock, the Royal 
Exchange, and King's Cross station clocks, in which the half- 
minute jump of the hands is very distinct. In the French 
clocks also the fly is generally driven by an endless screw, 
without the intermediate wheel 6 ; but there is an enor- 
mous loss of force by friction in an endless screw, when 
driven, and consequently considerable risk of the clock stop- 
ping from either cold or wasting of the oil. 

In all these gravity remontoires, however, it must have 
been observed that we only get rid of the fiiction of the 
heavy parts of the train and the dial work, and that the 
scape-wheel is still subject to the fiiction of the remontoire 
wheels, which, though much less than the other, is still 
something considerable. And, accordingly, attempts have 
fi-equently been made to drive the scape-wheel by a spiral 
spring, like the mainspring of a watch. One of these was 
described in the last edition of this Encyclopaedia ; and 
Mr Airy, a few years ago, invented another, of which 
two or three specimens were made by Mr Dent. But it 
was found, and indeed it ought to have been foreseen, that 
these contrivances were all defective in the mode of attach- 
ing the spring, and that they only increased the expense of 
the clock without any corresponding advantage ; and the 
consequence has been, that spring remontoires, and remon- 
toires in general, had come to be regarded as a mere delu- 
sion. It has, however, now been fully proved, that they 
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are not so ; for, by a very simple alteration of the previous- 
plans, a spiral spring remontoire may be made to act with 
absolutely no friction, except that of the scape-wheel piTots, 
and the letting-ofF springs A, B, in the last drawing. The 
Mean wood clock (fig. 15) was the first of this kind ; but it 
will be necessary to give a separate view of the remontoire 
work. 

In this figure (17X^^» !)»/» A, and B,are the same things 
as in Rg, 16. But e, the scape- wheel pinion, is no longer 
fixed to the arbor, nor does it ride on. the arbor, as had 
been the case in all the previous spring remontoires, there* 
by producing probably more firiction than was saved in 
other respects ; but it 
rides on a stud ky 
which is set in the 
clock-frame. On the 
face of the pinion is 
a plate, of which the 
only use is to carry 
a pin h (and conse- 
quently its shape is 
immaterial), and in 
firont of the plate is 
set a bush 6, with a 
hole through it, of 
which half is occupied 
by the end of the stud 
kj to which the bush 
is fixed by a small pin, 
and the other half is 
the pivot hole for the 
scape - wheel arbor. 
On the arbor is set 
the remontoire spring 
s (a moderate -sized Fig.i7. 

musical box spring is generally used), of which the outer end 
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is bent into a loop to take hold of the pin h. In fact, there 
are two pins at A, one a little behind the other, to keep the 
coils of the spring from touching each other. Now it is 
evident, that the spring may be wound up half or a 
quarter of a turn at the proper intervals, without taking* 
the force off the scape-wheel, and also without affecUng it 
by any friction whatever. When the scape-wheel turns in 
a minute, the letting off would be done, as before described, 
by a couple of notches in the sci^)e-wheel arbor, through 
which the spikes A, B, in ^g. 16, would pass alternately. 
But in clocks with only three wheels in the train, it is best 
to make the scape-wheel turn in two minutes, and conse- 
quently you would want four notches and four remontoire 
arms, and the fly would only make a quarter of a turn. And 
therefore Mr Denison, who invented this remontoire, made 
the following provision for diminishing the friction of the' 
letting-off work. The fly pinion / has only half the num- 
ber of teeth of the scape-wheel pinion, being a lantern 
pinion of 7 or 8, while the other is a leaved pinion of 14 or 
16 (and therefore the same wheel D will properly drive both, 
as will be seen hereafler). The scape-wheel arbor ends 
in a cylinder about f th inch in diameter, with two notches 
at right angles cut in its face, one of them narrow and deep, 
and the other broad and shallow, so that a long and thin pin, 
such as B, can pass only through one, and a broad and short 
pin A through the other. Consequently, at each quarter of 
a turn of the scape-wheel, the remontoire fly, on which the 
pins AB are set on springs, as in fig. 16, can turn half 
round. It is set on its arbor /by a square ratchet and click, 
which enables you to adjust the spring to the requisite ten- 
sion to obtain the proper vibration of the pendulum. The 
fly is not (except in very large clocks) separate from the let- 
ting-off arms, because there is found to be no occasion for 
it ; but the blow on the cylinder is diminished by the fly 
having to pass over a friction spring (which cannot be dis- 
tinctly shown in this drawing) just before it reaches the 
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cylinder. It makes, indeed, a considerable noise at each 
let ofF, but that b in a great measure from the recoil 
against the top of this friction spring; and some of these 
docks have now been going since the year ] 849, without 
any inconvenience from that cause. And their perfor« 
mance is so much more satisfactory than that of the gravity 
remontoires, that Mr Dent lately altered the gravity remon- 
toire of the Royal Exchange to a spring one, with the im- 
mediate effect of reducing the clock-weight by one third. 
It should be observed, however, that even a spring re* 
montoire requires a larger weight than the same clock 
without one ; but as none of that additional force reaches 
the pendulum, that is of no consequence. The variation 
of force of the remontoire spring from temperature, as 
it only affects the pendulum through the medium of the 
dead escapement, is far too small to produce any appreciable 
effect ; and it is found that clooks of this kind, with a com- 
pensated pendulum 8 feet long, and of about2 cwt, will not 
vary above a second a month, if the pallets are kept clean 
and well oiled. No turret clock without either a tnun re* 
montoire or a gravity escapement will approach that degree 
of accuracy. 

The introduction of this remontoire led to another very 
important alteration in the construction of large clocks. 
Hitherto it had always been considered necessary, with a 
view to diminish the friction as far as possible, to make the 
wheels of brass or gun-metal, with the teeth cut in an engine. 
The French clockmakers had begun to use cast-iron strik- 
ing parts, and cast-iron wheels had been occasionally used 
in tlie going part of inferior clocks for the sake of cheapness. 
Mr Vulliamy, we know, proposed, if he did not use them 
for cheap clocks some years ago ; but cast-iron wheels had 
never been used in any clock making pretensions to accu- 
racy before Mr Dent's clock in 1851, which is stated in the 
jury report to have only varied 3 seconds in the last 10 
weeks of the Exhibition. Since then all the large clocks 
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made at his &ctory, either with this remontoire or with the 
three-legged gravity escapement before described, have been 
made with cast-iron wheels ; and in 1862 it was determined 
by the Astronomer Royal and Mr Denison, who were jointly 
consulted by the Board of Works about the great Westmin- 
ster clock, to alter the original requisition for gun-metal 
wheels there to cast-iron. Some persons have expressed 
their apprehension of cast-iron wheels rusting ; but nothing 
can be more unfounded, for they are always painted, and 
the acting surfaces may also be oiled. A remarkable proof 
of the folly of the dockmakers' denunciations of cast-iron 
wheels has lately been afforded at the Royal Exchange. 
In consequence of the bad ventilation of the clock-room, 
together with the effects of the London atmosphere, some 
thin parts of the brass-work had become so much corroded 
that they had to be renewed, and some of it replaced with 
iron ; and all the polished brass-work and iron-work had 
become as rough as if it had never been polished at all ; the 
only parts of the clock which had not suffered from the 
<lamp and the bad air were the painted iron-work. The room 
lias now been ventilated, with a draught through it, and all 
the iron-work, except acting surfaces, is painted. But even 
in the most&vourable positions brass or gun-metal loses its 
surface long before cast-iron wants repainting. 

Fig. 18 is a front view of one of Mr Dent's large quarter 
fdocks, with all the wheels on the great horizontal bed, a 
gravity escapement, and a compensated pendulum. They 
are made in two sizes, one with the great striking wheels 
18 inches wide, and the other about 16. This pattern has 
also been followed by Mr Joyce of Whitchurch ; the other 
London makers, and most of the country ones, still adhere 
to the old cage-pattern frame, and set their faces against 
compensated pendulums, improved escapements, cast-iron 
wheels, and wire ropes, and in fact all the improvements 
which we are now going to notice. Here the striking 
is done by cams cast on the great wheels, about 1|- inch 
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broad in the large-sized clocks, which are strong enough 
for an hour bell of two tons weight and corresponding quar- 
ters. Wire ropes are used, not only because they last 
longer if kept greased, but because a sufficient number of 
coils will go on a barrel of less than half the length which 
would be required for hemp ropes of the same strength with- 
out overlapping, which it is as well to avoid if possible, 
though it is not so injurious to wire ropes as it is to hemp 
ones. By this means also the striking cams can always be 
put on the great wheel instead of the second wheel, which 
saves more in friction than could be imagined by any one 
who had not tried both. In the great Westminster clock 
it was thought of so much consequence to get the striking 
from the great wheel, both in the hours and in the quartar 
chimes on four bells, that eight cam wheels are used for the 
quarters, as some of the blows are repeated on the samo 
bell too closely to get sufficient drop for the hammer levers 
without using two alternate hammers to each bell. If that 
clock had been made on the plan proposed by Mr Vulliamy 
(who was first consulted, on Sir C. Barry's recommenda- 
tion), striking from the second wheel, and the friction aggra- 
vated by a number of pulleys and hemp ropes, which must 
have been an inch and a half thick, as he intended, the strik- 
ing weights would probably have been nearly four tons each, 
although they have the enormous fall of 170 feet; and the 
clock would have taken a whole day to wind up. As it is, 
they will be a ton and a half each, allowing a waste of about 
a quarter of the force, in friction, and in the interval between 
the fall of the hammer and its beginning to rise again, which 
is found enough in clocks of the construction in fig. 18 ; 
though in clocks of the common construction two-thirds of 
the power is oflen wasted in friction and in the bad arrange- 
ment of the hammer work. 

We have given the same number of cams to the quarter 
as to the hour striking wheel, rather for the purpose of sug- 
gesting the expediency of omitting the 4th quarter, as has 
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been done in seyeral clocks lately made from this design. 
It is of no use to strike the quarters at the hour, «nd it 
nearly doubles the work to be done, and if it is omitted it 
allows the quarter bells to be larger, and therefore louder, 
than they can be otherwise, because the first quarter bell 
ought to be an octave above the hour bell ; whereas, if they 
are not heard together, the quarters might be the 4th and 
7th of a peal of eight bells ; and where cheapness has to be 
considered, and there are no bells ready for the clock, there 
need only be two bells, the larger of them being used for the 
2d quarter bell, and also for the hours, with a rather heavier 
hammer. This is the case with the dock by Mr Joyce at 
the new savings-bank at Chester, made on the plan of 
fig. 18. Moreover, the omission of the 4th qiurter enables 
you to have the celebrated quarter chimes of St Mary's, 
' Cambridge (with a slight variation only in one of them), 
with a peal of only eight bells, on the 2d, 3d, 4th, and 7th, 
and at very little additional cost; whereas the full quar- 
ters, on four bells, require a considerable addition to the 
clock, besides a peal of ten bells, as they must be struck on 
the 1st, 2d, 3d, and 6th— the 10th being the hour bell. The 
following are the quarter chimes of the before-mentioned 
clock of the cathedral at Fredericton, which are followed in 
the clock for Scarborough church, and those of St Mary's, 
Cambridge, which are adopted also in the great Westmin- 
ster clock. The £xchange quarters are different, and very 
inferior to these ; and quarters on the 1st, 2d, 3d, and 4th 
bells of a peal are still worse, though more common. 

Fredericton. Cambridge. 

( 
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hour 8. hour 10. 

At Cambridge the chimes are set on a barrel which turns 
twice in the hour, as this table indicates, and which is driven 
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by the great wheel with a great waste of power ; the clock 
is wound up every day ; in an eight-day clock it would re- 
quire a very large weight, and a very much greater strain 
on the wheels. We have already stated what was done to 
avoid this in the Westminster clock. 

No particular number of cams is required in the striking 
wheel : any number about 20 will do ; but where four quar- 
ters on two bells are used, the quarter striking wheel should 
have half as many cams again as the hour-wheel ; for if not, 
the rope will go a second time over half of the barrel, as there 
are 126 blows on each quarter bell in the 12 hours, to 78 
of the hours, while with the three quarters there are only 72. 
If the two quarter levers (commonly called hammer-tails) 
are on the same arbor, there must be two set of cams, one 
on each side of the wheel ; but one set will do if the ham- 
mer-tails are placed as in fig. 18. The hour striking lever, 
it will be seen, is differently shaped, so as to diminish the 
pressure on its arbor by making it only the difference in- 
stead of the sum of the pressures at the two points of ac- 
tion. This can be done with the two quarter levers, aS' 
shown in Mr Denison's book ; but the arrangement involves 
a good deal of extra work, and as the quarter hammers are 
always lighter than the hour, it is hardly worth while to re- 
sort to it. The shape of the cams is a matter requiring 
some attention, but it will be more properly considered 
when we come to the teeth of wheels. 

Even in the small matter of the fly ratchets there was 
room for improvement. They are almost always made with 
sliarp teeth like those of a winding ratchet, and the conse- 
quence is, that when made of cast-iron, as they sometimes 
are, by clockmakers who will not use cast-iron wheels on 
any account, the teeth get broken off by the click. This 
may be avoided by making the teeth square, Le. a number 
of inverted Y's set round a circle, and the click only reach- 
ing so far that the face of the tooth which it touches is at 
right angles to the click. The spring need only be very 
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slight ; in many clocks the object seems to have been to 
make as much noise as possible with all the clicks, both of 
the flies and barrels. In the Westminster dock, the annoy- 
ance of the clattering of the clicks during the several hours 
it will take to wind is got rid of by stopping their drop on to 
the teeth by check springs, for which there is plenty of room. 

The hammer of a large clock ought to be left *' on the 
lift," when the clock has done striking, especially if it is a 
clock with a train remontoire, in which the first blow ought 
to be struck at the moment the hand jumps from 59^ min. 
to 60, as there are always a good many seconds lost in the 
train getting into action and raising the hammer. Moreover, 
when it stops on the lift, the pressure on the stc^s, and on all 
the pinions above the great wheel, is only that due to the 
excess of the power of the clock over the weight of the ham- 
mer, and not the full force bf the weight, and it is therefore 
easier for the going part to discharge, and le^s likely to break 
the stops. 

In fig. 18 the wheel marked 60 in each of the striking 
.parts is a winding wheel on the front end of the barrel,, and 
the winding pinion is numbered 10 ; a larger pinion will do 
where the hammei does not exceed 40 lb., and in small 
clocks no auxiliary Ending wheel is needed. But in that 
case the locking plate must be driven by a gathering pallet, 
or pinion with two teeth, on the arbor of the second wheel, 
with a spring click to keep it steady. In all cases the ham- 
mer shanks should be not less than two feet long if possible ; 
for the shorter they are, tlie more is lost by the change of 
inclination for any given rise from the bell. In some clocks 
lately put up by Mr Dent with fixed, not swinging bells, the 
hammer head is set oh a double shank embracing the bel], 
with the pivots, not above it in the French way which makes 
the hammer strike at a wrong angle, but on each side of the 
bell at about three-fourths of its height On this plan less 
of the rise is lost than in the common mode of fixing. The 
Westminster clock hammer will be fixed in this wa}-. 
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The first thing^ to remark in the gorng.part In fig. 18 is, 
that the hour- wheel which carries the snails for letting off die 
quarters and striking, is not part of the train leading up to 
the scape-wheel, hut independent, so that the train fh>m the 
great wheel to the scape-wheel is one of three wheels only. 
If it were a dead esa^ment instead of a gravity escapement 
clock, the wheel numbered 96 would be the scape-wheel ; 
and as it turns in 90 seconds, it would require 36 teeth or 
pins for a 1^ sec. pendulum, such as these gravity escape-* 
ment clocks have. The hour- wheel rides loose on its arbor, 
or rather the arbor can turn within it, carrying the snails and 
the bevelled wheel which drives all the dials, and the regu- 
lating hand, and it is fixed to the hour-wheel by means of 
clamping screws on the edge of a round plate on the arbor 
just behind it, which turn by hand. The regulating hand, it 
wUl be seen, turns the wrong way ; because, where the dial 
is opposite to the back of the dock, no bevelled wheels are 
wanted, and the arbor leads straight off to the back of the 
dial. It used to be the fashion to put clocks for 4 dials near 
the middle of the room, so that the leading off rod might go 
straight up to the horisontal bevelled wheel in the middle, 
which drove all the others. The clock, hbwever, can gene- 
rally be set more firmly on corbels, or on cast-iron brackets 
built into the wall ; and it is not at all necessary for the 
leading off rod to be vertical ; provided it is in a vertical 
plane parallel to all the clock wheels (assuming the clock 
to stand square with the walls) the rod may stand' as 
obliquely as you please ; and when it does, it ought on 
po account to be made, as it generally is, with universal 
joints, but the pivots should go into oblique pivot holes at the 
top and bottom. The joints increase the friction consider- 
ably, and are of no use whatever, except where the rod is too 
long to keep itself straight. Where the rod does happen 
to be in the middle of the room, and there are three or four 
dials, the two horizontal bevelled wheels at each end of it 
must be a little larger than all the others, both the one in the 
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clock and those of the dial work ; for otherwise the three or 
four wheels in the middle will meet each other and stick fast. 

When the pendulum is very long and heavy, it should be 
suspended from the wall, unless the clock-frame has some 
strong support near the middle ; but a six-feet pendulum 
(which is about the full length for 1^ sec.) of not more than 
two cwt may be suspended from the clock-frame, provided it 
is as strong as it ought to be for the general construction of the 
clock, and supported on corbels or iron beams. It has gene- 
rally been the practice to hang the pendulum behind the 
clock firame ; but inasmuch as the rope of the going part 
may always be thinner than that of the striking part, and 
that part requires less depth in other respects, a difierent 
and more compact plan is adopted in the clocks we are de- 
scribing. The back pivots of the going wheels run in bushes 
6n an intermediate bar, three or four inches from the back 
of the frame, joining the two cross bars, of which the ends 
are dotted in the drawing. The penduf um cock is set on 
the back frame, and the pendulum hangs within it. And 
in the gravity escapement clocks there is yet another thin 
bar about half way between the back frame and the bar on 
which the bushes of the wheels are set, the only use of which 
is to carry the bush of the three-legged scape-wheel ; the 
gravity arms and the fly go between these two intermediate 
bars, the fork pins coming down below it, and so reaching 
the pendulum. The pallets are set in a brass cock screwed 
to the great pendulum cock. In turret clocks the adjust- 
ment for beat in the gravity escapement is not made by 
screws as in fig. 1 1, but by eccentric fork-pins with nuts ; 
of course the same might be done in small clocks, but firom 
the confined space, and the lightness of the gravity arms, it 
is not so convenient as the beat screws in the pendulum. 
The fork-pins should be of brass wire, not steel, and no oil 
put to them. 

The same general arrangement will serve for a dead 
escapement clock with or without a train remontoire, only 
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the pendulum will not stand so high, and the front end of 
the pallet arbor must be set in a cock like those of the strik- 
ing fiies, on the front bar of the frame. And for a dead 
escapement, especially if there is no remontoire, the pendu- 
lum should be longer and heavier than that which is quite 
sufficient for a gravity escapement. 

In connection with this subject, we have a word to say 
about dials. The established form of dial for turret clocks 
is a sheet of copper made convex, to preserve its shape ; and 
this is just the worst form which human ingenuity could 
have contrived for it. For, in the first place, the minute 
hand, being necessarily outside of the hour hand, is thrown 
still farther off the minutes to which it has to point, by the 
convexity of the dial ; and consequently when it is in any 
position except nearly vertical, it is impossible to see accu- 
rately where it is pointing ; and if it is bent enough to avoid 
this effect of parallax, it looks very ill. Secondly, a convex 
dial at a considerable height from the ground looks even 
more convex than it really is, because the lines of sight 
from the middle and the top of the dial make a smaller 
angle with the eye than the lines from the middle and the 
bottom, in proportion to the degree of convexity. Obvious 
as is the remedy for these defects, by simply making the 
dial concave instead of convex, it has, we believe, never 
been adopted until Mr Dent introduced this improvement 
also, at Mr Denison's suggestion, in some clocks for the 
Great Northern railway, at Doncaster, and on the platform 
at the King^s Cross station. As convex dials look more 
curved than they are, these look less curved than they are, 
and in fact might easily be taken for flat ones, though the 
curvature is exactly the same as usual. There is no reason 
why the same form should be adopted in stone, cement, 
slate, or cast-iron, in which materials dials are sometimes, 
and properly enough, made with the middle part counter- 
sunk for the hour hand, so that the minute hand may go 
close to the figures and avoid parallax. When dials are 
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large, as much as 7 or 8 feet, copper dials, or even cast-iron 
or slate, are quite an useless expense if the stonework is 
moderately smooth, as most kinds of stone take and retain 
paint very well, and the gilding will stand upon it better 
, than it often does on copper or iron. The figures are ge* 
nerally made much too large* People have a pattern dial 
painted, and if the figures are not as long as one-third of 
the radius, and therefore occupying, with the minutes, about 
two-thirds of the whole 'area of the dial, they fancy they 
are not large enough to be read at a distance ; whereas the 
fact is, the more of the dial is occupied by the figures the 
less distinct they are, and the more difficult it is to distin- 
guish the position of the hands ; which is what people really 
want to see, and not to read the figures, which might very 
well be replaced by 12 large spots. The rule which has 
been adopted, afler various experiments, as the best for the 
proportions of the dial is this : divide the radius into three, 
and leave the inner two-thirds clear and flat, and of some 
colour forming a strong contrast to the colour of the hands, 
black or dark blue if they are gilt, and white if they are 
black. The figures should occupy the next two-thirds of 
the remaining third, and the minutes be set in the remainder, 
near the edge, and with every fifth minute more strongly 
marked than the rest ; and there should not be a rim round 
the dial, as there generally is, of the same colour or gilding 
as the figures. The worst kind of dial of all are the things 
called skeleton dials, which either have no middle except 
the stonework, forming no visible contrast to the hands (to 
which state the authorities of Trinity College, Cambridge, 
have lately altered their well-known double striking clock, 
put up by the &mous Dr Bendey, striking, as it used to be 
said, once for Trinity and once for his former college, St 
John's, which had no clock), or else taking special trouble 
to perplex the spectator by filling up the middle with ra- 
diating bars. Where a dial cannot be put without interfer- 
ing with the architecture, it is much better to have none, 
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is die case in many cathedrals and large churches, leav-* 
ing the information to be given by the striking of the hours 
and quarters. This also will save something, perhaps a 
good deal, in the size and cost of the clock, and if it is one 
without a train remontoire or gravity escapement, will enable 
it to go better. The size of public dials is often very inade- 
quate to their height and the distance at which they are 
intended to be seen. They ought to be at least I foot in 
diameter fbr every 10 feet of height above the ground, and 
in many cases more, whenever the dial will be seen far 
off. A list of the sizes of various public dials, including 
some specimens of too small ones, is given in Mr Denison's 
book : it is sufficient here to state the above rule as one 
which ought to be enforced on architects, as they are often 
not aware of it till too late* 

The art of illuminating dials cannot be said to be in a 
satisfactory state. Where there happens to be, as there sel* 
dom is, a projecting roof at some little distance below the 
dial, it may be illuminated by reflexion, like that at the 
Horse-guards-^— about the only merit which that supersti- 
tiously venerated and worn out clock has ; and perhaps the 
same thing might be done by moveable lamp reflectors, like 
those put before shop windows at night, to be turned back 
against the wall during the day ; but such an arrangement 
woiidd be expensive in working and attendance, even if it 
oould be conveniently arranged. It has also been proposed 
to sink the dial within the wall and illuminate it by jets of 
gas pointing inwards from a kind of projecting rim, like 
what is called in church windows a ^ hood-moulding," car- 
ried all round. But it is a great objection to sunk dials, 
even of less depth than would be requbed here, that they 
do not receive light enough by day, and do not get their 
faces washed with the rain. The common mode of illu- 
mination is by making the dials eillier entirely, or all ex- 
cept the figures and minutes and a ring to carry them, of 
glass, either ground or lined in the inside with linen (paint 



86 CLOCK AMD WATCH WOBX. 

loses its colour from the gas). The gas is kept always alight, 
but the clock is made to turn it nearly off or full on at the 
proper times by a 24-hour wheel, with pins set in it by 
hand as the length of the day varies, or sometimes perhaps 
by an entirely self-acting apparatus, which however is some- 
what complicated, and an unnecessary expense. But tliese 
dials always look very ill by day ; and as dials are wanted 
much more by day than by night, we cannot say that in 
the present state of the art illumination is to be recom- 
mended ; and it should not be forgotten that the annual 
expense of lighting 3 or 4 dials far exceeds the interest 
of the entire cost of any ordinary clock. Another objection 
to illuminating large dials from the inside, is that it makes 
it impossible to counterpoise the hands outside, unless per- 
haps the counterpoises could be made of glass. And if 
they are only counterpoised inside, there is no counter- 
poise at all to the force of the wind, which is then con- 
stantly tending to loosen them on the arbor, and that ten- 
dency is aggravated by the hand itself pressing on the arbor 
one way as it ascends, and the other as it descends ; and 
if it once gets in the smallest degree loose, it becomes ra- 
pidly worse by the constant shaking. It is mentioned in 
Reid*s book, that the minute-hand of St Paul's cathedral, 
which is above 8 feet long, used to fall over above a minute 
as it passed from the lefl to the right side of XII, before it 
was counterpoised outside. We observe that, in the con- 
ditions to be followed in the Westminster clock, it is 
expressly required that " the hands be counterpoised exter- 
nally, for wind as well as weight." The long hand should 
be straight and plain, to dbtinguish it as much as possible 
from the hour-hand, which should end in a " heart" or 
swell : many clockmakers and architects, on the contrary, 
seem to aim at making the hands as like each other as they 
can ; and it is not uncommon to «ee even the counterpoises 
gilt, probably with the same object of producing apparent 
symmetry and real confusion. 
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Befi)re leaving the subject of turret clocks, we will add 
a few particulars of the great clock for the houses of parlia- 
ment, which, according to the contract (as appears by the 
parliamentary papers) was to have been fixed by February 
1854, but seems likely to have to wait some years longer 
before the clock tower is ready for it. The clock itself has 
been going in Mr Dent's factory for some time. It has been 
made throughout from Mr Denison's designs, and under his 
superintendence, that of the Astronomer Royal having been 
merely nominal, and latterly abandoned altogether. The four 
dials are to be 22 feet in diameter, the largest, we believe, in 
the world with a minute-hand ; the larger dials on the Conti- 
nent have only an hour-hand. The minute-hand, on account 
of its greater length, velocity, weight, friction, and the action 
of the wind upon it, requires at least 20 times as much force 
to drive it as the hour-hand. Moreover, this clock goes a 
week instead of a day, and this again very considerably in- 
creases the weight and strength required, especially in the 
striking parts. The effects of friction and wind with such hands 
as these would make it impossible for the clock to go even 
as well as an ordinary church clock if there were no remon- 
toire work ; and yet there was a violent opposition made 
by the other clockmakers to that construction being re- 
quired or adopted. It has, in fact, both the train remon- 
toire of fig. 17 and the gravity escapement of fig. 11; the 
former for the purpose of giving a visible motion of the 
hands at every half minute, when the point of the minute 
hand will move nearly 7 inches ; and tiie latter because it 
is the most independent of those causes of variation which 
are likely to affect a turret clock in such a position. 

The great wheel of the going part is 27 inches in dia- 
meter; the pendulum is 15 feet long and weighs 680 lb., 
and the scape-wheel, which is driven by the musical-box 
spring on the third wheel, weighs about lialf an ounce. All 
the wheels except the scape-wheel, are of cast iron, t. e, 
with the teeth cast, not cut, and all have five spokes. The 
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barr^ is 23 inches diameter but only 14 inches long, asdiis 
part will not require a rope above ^ inch thick, and 65 
turns in the 8^ days, for whidi that part is to be capaUe of 
going, though the striking parts go only 7^ days, so that 
in case of an accidental omission to wind it up on the pro- 
per day, the dock may not stop, but proclaim the neglect by 
silence* The second wheel is 12 inches in diameter^ with 
a lantern pinion of 12, driven by 180 teetk on the great 
wheel; it has 120 teeth, and drives the {union of the spring 
remontoire and the fly, as described in fig. 17. This part 
has all the back pivots on the great dodi-frame, and the 
firont ones on an intermediate bar laid upon two cross ones, 
the width of the frame for the striking parts being very 
nearly 5 feet, whereas only 2 feet is required for tliat of the 
going part The leading^off arbor, however, comes to the 
front of' the great firame, and there are the snails for dis*- 
charging the strildng parts, and also the first pair of beveUed 
wheels, which are 16 inches in diameter. The winding ar- 
bor before described also comes through the front ftame. 

The size of the hour bell^ which was originally given aa 
14 or 15 tons, and therefore above 9 feet in diameter and 
nearly 8 feet high, fixes the size of the striking parts ; for 
that determines the weight of the hammer, which must not 
be less than 4 cwt^ acoorchng to the. usual proportion, 
with a rise of at least a foot ; it will probably be cast from 
the pattern of the pendulum bob ; and that, with the proper 
allowaiice for loss by firiction, &c^ fixes the striking weight 
at something more than a ton and a half; and that requires 
a wire rope of a certain thickness (} inch) ; and that must 
have a barrel of a certain length and diameter for such a 
number of coils as will give the most convenient arrange- 
ment of the striking cams, which are 18 in number, cast on 
a wheel of 37 inches in diameter ; and that size again Wias 
n^essary in order to keep all the wheels dear of thje 
barrel. The cams are 2^ inches thick, the same thickness 
as the great wheels ; and the hammer lever is of corre* 
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gponding size. The winding wheel on the end of the barrel^ 
both of the hour and quarters, is of the same size as the re* 
spective great wheels ; and as a double multiplying power 
is required for winding up, the second winding wheel and 
its pinion are also the same as those of the train in each 
case ; these winding wheels push out of gear with the great 
winding wheels, bat not with their own winding pinions, 
which are made long for the purpose. There is to be a con- 
trivance for stopping the winding when the dock is going 
to strike, as the winding of each of the striking parts will 
inrobably take two hours. The second wheels are a little 
more dian 18 inches in diameter. The second train wheel 
in eBich striking part drives a bevelled wheel which drives 
the fly above the dock on a vertical arbor, as in the Ex- 
diange dock, in order to keep it out of the way of people 
wincfing or examining the clock. The great wheels all have 
180 teeth ; the second wheel of the hour-striking part has 
105 and a pinion of 15, so that it turns two-thirds round at 
each blow, and the lifting cylinder upon its arbor has 3 seg- 
ments cut outof it,andtwoof them are passed at each biow-^ 
probably a novel arrangement, but the most convenient here 
with reference to the numbers of tiie teeth. The size of the 
hour-bell also determines that of the quarters; the largest 
quarter-bdl will be about the same size as the great bell of St 
Paul's, which weighs 5^ tons. In the quarter part the ar- 
rangement is mudi the same as the hour. The eight cam 
wheels, which in ftct form a diime barrel for the eight ham- 
mers of the four bdls, have been mentioned already. But 
the levers are not of the kind shown in the quarters of fig. 
18, for they are 19 inches long from the arbor to the end 
which is pulled down by the cams, and the wire goes up 
from near the end, the wheel turning the opposite way from 
the quarter-wheel In fig. 18, so that the weight acts as di- 
rectly as possible on the levers, with nothing but difieren- 
tial pressures either on their arbor or on that of the great 
whed. The great wheels in this part are 38j^ inches in 
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diameter, and the whole mass of the barrel, great wheels, 
and cam wheels weighs no less than 17 cwt. In fact this 
dock may be said to be at least eight times as large as a 
full-sized cathedral dock such as that described in fig. 18, 
since the wheels of the Westminster dock are rather more 
than double the size of those in every dimension. The 
whole of the wheels, except the fly wheds and winding 
pinions, lie on the top of the great frame, which is a trussed 
girder frame 19 inches deep (like the girders of the Crystal 
Palace), resting on two w|dls 11 feet apart which come 
right up from the bottom of the tower. The 4rame will be 
15|- feet long ; the striking pulleys will be about 2^ feet in 
diameter, and pivotted in, as clock pulleys always should be. 
They are generally made too small, and with the pulley run- 
ning on a thick bolt put through the block or frame, which 
increases tlie friction considerably. We may 'add with re- 
ference to the question of the strength of cast-iron teeth, 
that a segment of one of these great wheels was tried up 
to breaking point, and it bore a pressure of 6 tons, and 
then only broke from the pinion not bearing quite flat upon 
it : the heaviest weight which the teeth can have to bear in 
action will be about half a ton. 

ELECTRICAL CLOCKS, AND DUXS. 

The application of electricity to clock-work has engaged 
the attention of sdentific men and of a few dockmakers for 
some years, and of late they have been brought to a state of 
sufficient perfection to be used even for astronomical pur^ 
poses. But it should be understood, that under the term 
electrical clocks two very different things are comprehended ; 
one being mere dials, of which the hands are driven by dec* 
trical connexion with some standard clock, on the principles 
of the electric telegraph, as was first done by Professor 
Wlieatstone about 16 years ago ; and the other kind are 
clocks kept going by electridty instead of gravity, which, 
until the improvements made by Mr Shepherd of Leaden- 
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hall Street, were a complete fiiilure as regards accurate lime* 
keeping, the previous makers having used electricity to im- 
pel the pendulum directly, and, of course, failing to get a 
uniform impulse ; whereas Mr Shepherd applied it to raise 
a small weight, which gives the impulse to the pendulum 
afler the manner of a gravity escapement, but still not with- 
out some action on the pendulum, which it is better to avoid, 
and which may be avoided, as will be explained presently. 
Without meaning to engage in the unprofitable question of 
priority of invention, it is proper to mention that there were 
in the Exhibition of 1851 several foreign electrical clocks 
on the same principle as Mr Shepherd's, and one of them 
exactly the same in construction. His large dials erected 
in the Exhibition certainly failed completely ; and it does 
not appear to us that the tremor of the building, to which 
he attributed the &ilure, was sufficient to account for it. 
But he has since made some further improvements in them, 
which we shall explain afler we have described the con-? 
struction of electrical dials. 

If you take the weight off a common recoil escapement 
clock, and work the pallets backwards and forwards by 
hand, you will drive the hands round, only the wrong way : 
consequently, if the escapement is reversed, and the pallets 
are driven by magnets alternately made and unmade, by 
the well known method of sending an electrical current 
through a wire coiled round a bar of sofl iron, the contact 
being made at every beat of the pendulum of a standard 
clock, the clock without the weight will evidently keep ex- 
act time with the standard clock ; and the only question is 
as to the best mode of making the contact, which is not so 
easy a matter as it appears to be, on account of the short 
time in which it has to be done. The first plan was to have 
a wheel set on the scape-wheel arbor divided into 60 con- 
ducting, and 60 non-conducting spaces, with a contact 
spring pressing upon it. But to this there are several ob- 
jections; one is the friction, which seriously affects the 
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going, unless it is a large dock with a heavy pendulum ; and 
a still more serious evil is, that the contact surfaces will not 
keep dean enough to ensure the contact, wherever there is 
rubbing between them, as it promotes oxidation. It seems, 
that nothing except contact without friction between gold 
or platinum surfaces will do permanently. The late Mr Dent 
made an electrical dial, and kept it going in this way long 
enough to ascertain that it would answer. Then there is 
the [^an (which Mr Shepherd adopts) of letdng the pen- 
dulum itself make contact with two springs acting near the 
top, at each vibration ; but the objection to this is, that any 
variation in the force of the springs from temperature, act- 
ing at the extremity of the arc, affects the time of the pen* 
dulum, the reason why Hardy's escapement failed, as before 
stated. Still, by making the springs very weak and the 
pendulum heavy, this method is probably sufficient for most 
purposes. Another method which has been lately used at 
the Royal Observatory, is to make a wheel on the scape* 
wheel arbor with 60 teeth press a slight spring against a 
contact plate or another spring at every second, the circuit 
passing through the two springs. But if any change takes 
place in the friction between the wheel and the spring, it 
will affect the going of the dock. With the gravity escape-* 
ment, indeed, the friction would not signify; and if a Ian* 
tern pinion of 6 is used for the three legged scape-wheel, 
the minute-wheel will have 60 teeth, and will itself do for 
making the contact. 

There is also another method which may be used vrith the 
gravity escapement ; and that is, to let the pallets or gravity 
arms fall against very weak springs which make the contact 
with pins as in the last case, the current passing through the 
spring attached to one wire of die battery, and the pin attached 
to the other. We have seen it tried on the great Westmin* 
ster clock, with the contact made directly between the pallets 
and the pins, without any springs, and the current passing to 
the pallets fipm the dock-firame through the pivot holes. 
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-This acted very weO for a short time, but afterwards fiuled, 
whether from a defect of the passage through the pivot 
holes, or some other cause, was not discovered. The time 
of contact can be increased, if requisite, by increasing the 
depth of locking, since the falling pallet will remain in con« 
tact with the pin or spring until the unlocking of the other 
pallet is completed, and the wheel begins to move. 

But for electrical diab it is better, if possible, to make 
the hands move only by half-minute jumps, so that the time 
may be taken exactly, as with a train remontoire ; and in 
that case nothing is required but the three dial wheels, and 
some kind of scape-wheel or ratchet for driving them. If 
they are driven by pallets, a scape-wheel of 60 teeth will 
do ; if it is a ratchet-wheel with a driving click, it will want 
120 teeth. But here comes in a difficulty of some weight, 
at least in large dials, and especially in those exposed to 
wind. In that case it is found that pallets cannot be relied 
on to drive with certainty, and the ratchet and click must 
be resorted to. But if the wind happens to be pushing the 
hand forward at the time of lifting the click, it may run on 
3 or 4 teeth at once. To prevent this, two ratchets have 
been used, set opposite ways, and the clicks so disposed that 
tlie wheels can only move one tooth at a time, under the 
proper action of the driving click; such at any rate is the in- 
tention of them ; but it does not seem to be always carried 
into effect ; and besides that, it requires great delicacy in 
construction. Mr Denison has, therefore, lately contrived 
the following apparatus for this purpose, which has been 
made by Mr Dent, and, as far as can be yet seen, is success- 
ful ; at least it has been tried by pressing the wheel both 
ways more strongly than the wind could, and it remains quite 
steady. In fig. 1 9, H is the wheel on the arbor of the minute- 
hand, with 120 square teeth in it. When tlie circuit is com- 
plete, the magnet M ruses the lever L into the position here 
shown, and with it the driving click A. The pin B at the 
same time lifb the forward click DG out of the teeth, and 



94 CLOCK USD WATCH WORE. 

the spring behind it at D sends it forward a Uttle (there being 
same play left in the pivot hole for the purpose), and makes 
it trip on to the top of the tooth at G. The top of the lever 
at F also then reaches the tail of the backward click CF; 
so that while things are in this state, the wheel cannot go 
forward without pulUng the lever out of contact with the 
magnet, which no wind would be strong enough to do while 
it remains a magnet t and as soon as the circuit is broken, 
the lever ought to go and will go, being pulled down by the 
weight W, till it rests on the lower banking pin £ ; and in 
BO doing, the click A will drive the wheel forward one tooth. 




and the click DG will drop into the space next after the 
tooth G, and be pressed back against its spring till it is 
lifted agmn by the lever. Another advantage of this plan 
over those in which the magnet drives the wheel directly is, 
that the weight is always ready to pull down the lever as 
soon as the current ceases ; so that if there should be any 
momentary impediment from residual magnetism or other- 
vrise, it vrill not signiiy ; and, moreover, the wind can never 
prevent the lever from being Lfted; and if there should be 
any rewstance to the hands from wind at the moment when 
the current ceases, the weight is sure to have the opportu- 
nity of overcoming it before the next 29 seconds are overj 
so that a whole move of the hands can never be lost, which 
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has always been liable to happen under the other arrange- 
ment in large, dials. 

There is no such difficulty in making the half-minute con- 
tact as there is in seconds contact, because plenty of time 
can always be taken for it ; and it may be done by a slower 
wheel in the train, and therefore not so liable to affect the 
force on the pendulum. As the third wheel in the train 
generally turns in 7^ minutes, there may be 15 pins in it 
pressing a spring which makes contact, or raising a lever or 
a spring which drops on to a plate. Where the gravity 
escapement is used, there may be a snail with two steps on 
the arbor of the minute- wheel, which will drop the lever on to 
the contact plate at every thirtieth second, and begin to lift 
it off again at the thirty-first, the snail being made square at 
the bottom in order to raise it immediately, and waste as 
little electricity as possible. It was intended to drive the 
numerous small clocks in and about the houses of parlia- 
ment by electrical connection with the great clock ; but as 
they are finished, and the great clock is not likely to be put 
up for some years, we suppose this plan will be abandoned, 
unless the bad going of some of these small clocks, and the 
cost of winding them, suggests the expediency of replacing 
them by electrical dials. In that case there ought to be one 
other strong gravity clock with which they might be con- 
nected in case of any accident at the great clock, which would 
otherwise stop them all. There is apparently to be a small 
turret clock at the comer facing the Abbey, which would 
do very well for this purpose, if it is a good one. 

Of electrical clocks^ t.e., clocks where pendulums are kept 
going by electricity, it is not worth while to notice any be- 
fore Mr Shepherd's, or tlie coeval invention of the same 
kind on the Continent The latest and best form of his 
escapement is this: a single pallet like one of the pallets in 
the pin-wheel escapement (fig. 6) is fixed to the pendulum, 
and there is a small lever set in the firame, the end of which 
is lifled on to this pallet at every swing of the pendulum in 
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one direction by the magnet i imd as tbe pendulum draws 
the pallet away firom the lever end, it slides down the sloped 
:6ce and gives the impulse. This is a single-beat escape- 
ment, of which there are other forms without reference to 
electricity. They have the advantage that the impulse may 
be made to end exactly at the same arc o^ the pendulum 
after zero as it b^ins before zero, or even less ; but there 
are countervailing disadvantages in the mode of unlocking 
(not iqiplying, however, to this electrical method, which has 
no unlocking), and they have consequently never come into 
use. Still this escapement is not without friction, and the 
contact is made by the pendulum pressing against a qpring 
as it approaches the extremity of its swing in one direction, 
which is objectionable for the reasons before mentioned. 
So far as we have yet described it, we have got nothing but 
a self-acting pendulum ; the connection with a dock train is 
made in just the same way as if thb were an ordinary pen-* 
dulum from which the pallets of an electrical dial are to be 
driven by alternate contact springs on each side of the 
pendulum. 

Another peculiarity of Mr Shepherd's clocks is, that the 
pallets which drive the train are alternately attracted and 
repelled, not simply attracted and let loose, and this is 
stated to economise the force. In order to effect it, there 
are two batteries which come into action alternately ; and 
there are two permanent straight bar magnets set across the 
pallet arbor, with their poles opposite ways, so that on one 
side, say the lefl, the adjacent ends of the two bars would 
be north and south, and on the right side south and north. 
Consequently a temporary horse-shoe magnet, with its poles 
standing south and north, will attract the left side of the pallet 
magnets, and a similar magnet will repel the right side; and, 
therefore, if the current is made to pass one way when the 
pendulum makes the contact on the right side, and the other 
way when it makes it on the left, the pallets will be driven 
both ways by the combined force of the attraction and repul- 
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«ton of both magnets. For this purpose it is only necessary 
that the right pendulum spring should be connected with 
the + pole of one battery, and the left spring with the — pole 
of the other, the other wires of each battery being soldered 
together, and ultimately connected with the pendulum cock 
afler passing round both the sofl-iron magnets. 

If anything is to be let off by electricity at a given second 
in every day, the requisite precision is obtained by Mr Shep- 
herd thus : there are pins for making contact with springs 
in the minute-wheel, the hour-wheel, and the 12-hour wheel ; 
and it is only when the contact is made with all of them at 
once that the circuit is complete. In this way the time-ball 
at the Greenwich Observatory, and also the one in the Strand 
in connection with it, are let off at one o'clock every day, 
by the clock pulling a trigger by a temporary magnet. The 
balls are pulled up by hand a few minutes before one. The 
Greenwich one is a large covered basket of wicker work, 
and it descends with a piston plunging into a tube with a 
bell-mouth to facilitate the entrance, and the piston com- 
pressing the air as it goes down, which acts as an elastic 
cushion to the ball, makes it drop without concussion : there 
is a small hole at the bottom through which the air after- 
wards, gradually escapes. Mr Shepherd also describes in 
his pamphlet some apparatus for striking by means of elec- 
tricity, without the aid of any striking weight But we have 
not heard of any such clocks being in use, and we think it 
not very likely they should be, on account of the greater 
force which is required for striking than for keeping a pen- 
dulum going. 

Mr Dent has lately made a self-acting electrical clock on 
quite a different plan from Mr Shepherd's. It has the three- 
legged gravity escapement and the usual train, except the 
great wheel, but has a going ratchet on the centre wheel, 
with 120 teeth. This is driven by a click on the end of a 
lever, which is raised the height of one tooth by the magnet 
at every half minute by any such half-minute contact as 

G 
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we have before described. It requires, however, a strong 
battery, as there must always be more force in the ratchet 
spring than is actually required to drive the escapement. 
There is no doubt yet room for considerable improvement 
in all these various contrivances. 

WATCHES AND CHB0N0METEB8. 

We said that we should defer a description of spring- 
clocks until we came to treat of watches, which, as we aH 
know, have a spiral spring instead of a weight for their 
maintaining power. They seem to have been made as eariy 
as the sixteenth century, though Huygens in the seventeenth 
was the first discoverer of the important law re^>ecting 
springs, which he enunciated in the well-known words, «l 
tensio sic vis, the force of a spring varies as the bending of 
it ; which, however, we shall find to be subject to one 
somewhat inconvenient, and another very convenient ex- 
ception. The most simple form of mainspring arrange- 
ment for a clock or watch is that where the spring has its 
inner end attached to the arbor, which ends in the winding 
square, having a ratchet set on it with the click in the 
clock-frame. The other end of the spring is fixed to the 
barrel containing it, and on the end of the barrel is the 
great wheel of the clock or watch. And one advantage of 
this is, that no going barrel apparatus is wanted, as there is 
just the same pressure on the train when you are winding up 
(in fact rather more) as at any other time. But then it will 
occur to the reader, that by virtue of the rule ut tensio sic 
vis, there must be a much greater force on the train when 
the watch is wound up than when it is nearly run down. 
And so there would be, but for that very convenient and 
singular exception we just now alluded to. For it is found 
that there is a position of every spring, in which its force does 
not sensibly alter for four or five turns ; and if the spring 
is such, that this position occurs just at the right degree of 
tension for using it in a watch barrel, it is evident that we 
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may use it for a mainspring without any further provision 
for equalizing its force. We are not sure whether this is 
the case yet with any of the English mainsprings, but it 
certainly is with many of the foreign ones ; and we can tes- 
tify to the fact of watches made with those mainsprings 
going as well as those which are made with English main- 
springs and a fusee ; and we believe that the late Mr Dent, 
who had been trying some of these watches for several 
years before his death, had come to the conclusion that with 
a mainspring properly made and adjusted, the fusee, chain, 
and going ratchet, are an unnecessary expense, except per- 
haps in large chronometers, where not only is a great force 
required, but a constant force throughout the day, which is 
not the case in watches. 

Fig. 20 shows the general arrangement of a watch or 
chronometer (it is actually taken from a chronometer). The 
barrel and fusee will be recognised at once. The fusee 
is a sort of grooved cone with a concave section ; the more 
rapid swell towards the thick end is required, because one 
turn of the fusee when the chain is at that end takes much 
more of it off the barrel than at the thin end ; and on the 
assumption that the force of the spring varies as its tension 
(except under the circumstances before mentioned), the 
radius of the cone must increase more rapidly, in order to 
make the increase of leverage keep pace with the decrease 
in the force of the spring as it unwinds with an increasing 
velocity off the thick end of the fusee. The fusee itself 
is connected with the great wheel by a ratchet and click 
and going ratchet (of which the spring and click are strongly 
shown in the figure), just as we described in an astronomi- 
cal clock.. Something is also required to prevent the watch 
from being overwound, or the chain strained so as to break. 
This is done by means of a hooked lever set on a hinge in 
the upper frame-plate (which is taken off in this drawing) ; 
and when the watch is nearly wound up, the chain moving 
upwards reaches this lever, and moves it into such a position 
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that its hook catches bold of theloag tooth projecting froin 
the tliin end of the fusee ; and thus the winding is stopped 
without any strain on the chfun by the sudden check. In 
the Great Exhibition there were some watches by a Mr 
Jackaon, in which the Finding was done by a solid key fit- 
ting into s square hole in the arbor of a pinion woriung 




into a winding wheel on the flisee, just like the winding 
pinion in turret clocks. The object was to reduce the size 
of the iusee arbor, and to avoid the inconvenienceof a very 
short winding square when the watch is wanted to be thin. 
We doubt whether the advantage is worth the additional 
cost. But we are surprised that a suggestion of the late 
Mr Mudge's for the reduction of the fi-iction of the fusee 
arbor has not been adopted, viz., to make the barrel turn 
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the opposite way to the fusee, so that the chain may act 
between the arbor and the centre pinion, thereby making 
the pressure on the fusee arbor only the difference, instead of 
the sum, of the force of the spring and the pressure trans- 
mitted to the pinion. In watches without a fusee, the solid 
key plan might be advantageously adopted, as it would not 
require the addition of a winding pinion ; because the wind- 
ing arbor is then the arbor of the barrel, which does not 
turn round except in winding, when the fnction from the 
increased size would not signify. 

In watches without a fusee the apparatus for preventing 
them from being overwound is different ; it goes by the 
name of the Geneva stop, and the principle of it is simply 
this : if two wheels work together, of which one has the 
spaces between some two or more adjacent teeth filled up, 
it is evident that that wheel cannot be turned quite round. 
And it will be the same thing if one of the wheels is only 
a cylinder with a single tooth in it, and the other has a 
certain number of notches, not going all round, through 
which that tooth can pass. If, therefore, a one-toothed 
wheel of this kind is fixed to the barrel arbor, which is 
turned by the key, and works into a wheel with only 4 or 
5 notches in it and a blank space through which the tooth 
cannot pass, it will evidently allow the barrel to be wound 
up the 4 or 5 turns and no more ; and as it unwinds it turns 
the stopping wheel back again with it. 

The other parts of a watch do not differ firom those of a 
dock, except in size, and the position in which they are ar- 
ranged, to bring them within the circle of the dial, until we 
come to the escapement, and there a different state of 
things arises, mainly from the fact that the balance of a watch 
revolves through sometimes as much as 270°, while a clock 
pendulum only vibrates through 4° or 5°. The balance being 
common to all the watch escapements, it will be proper first 
to describe that, and the conditions to which it is subject. 
The two equal arms, with equal weights at each end, in 
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fig. 3, are really a balance just as much as the wheel which 
is commonly used as the more convenient form. But in 
that figure there is not to be seen that essential element 
of a modem balance — ^the thin spiral spring, which you see 
opening and closing itself at every vibration when you look 
into a watch. The outer end of this spring is attached to 
the frame by a cock R (fig. 
21), and the inner to the 
balance at S; and the time 
of vibration is a compound 
of the strength of the 
spring, and the moment of 
inertia of the balance ; for if 
the spring is perfect, the ex- 
tent of the vibration does 
not signify, by virtue of tlie 
before-quoted maxim ut ten- 
sio sic t7t>, and the further 
rule (which is one of mathe- 
matical certainty, and not 
empirical and approximate), 
that wherever tlie force varies as the angle of vibration, the 
time of the body vibrating is the same, whatever the space 
moved over. And as the force of a spring varies (approxi- 
hiately) inversely as its length, this suggests a ready method 
of regulating the watch; for it is easy to make a pointer or 
index, or "regulator** PT, turning on a ring fixed to the 
watch plate, concentric with the balance, and having two 
pins in it at P, called curb pins, just dose enough together 
to embrace the spring, so that, as the index is moved one 
way or the other, the length of the spring which is free to 
vibrate may become shorter or longer. When the regu- 
lator has been moved as far as it can go towards fast, sup- 
pose, and the watch still loses, the spring has to be short- 
ened at the cock R into which its outer end is pinned ; and 
in order that the balance may be capable of alteration, so as 
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fitill to Stand square with the escapement when the spring is 
in its neutral state, the other end is not actually pinned to 
the balance, but the cock S is on a small ring which is set 
on the axis or verge of the balance pretty tight by friction, 
bat capable of being turned by hand. 

It has oflen been complained, and very justly, that it is 
almost impossible to move the regulator little enough, and 
with sufficient accuracy, for a very small variation of rate, 
not merely because the point is oflen ill adjusted to the 
scale; but because the divisions themselves are necessarily 
very small. One way o^ obtaining greater accuracy, and 
probably the best, is to make the regulator moveable by a 
tangent screw acting on its end, and capable of being turned 
by the watch key ; and in an expensive watch, fitted with 
all the other modem appliances for securing accuracy of per- 
fomance, the additional expense of this would be well worth 
incuring. We have seen several watches of this kind. Mr 
Deit suggests that a cheaper way of doing it, and accurate 
enough for most watches, would be to make the scale with 
oblique divisions (as shown in fig. 21), after the fashion of 
ihe old form of vernier, and the regulator itself with bevelled 
edges : by this means a very small motion of the edge of the 
regulator along the oblique divisions would be very distinctly 
seen, and it cannot be doubted that this would be a great 
improvement. In chronometers the adjustment for time is 
no longer made by altering the effective length of the spring 
afler its length is once fixed, because of the other exception 
to the rule about the force of a spring varying as its ten- 
sion, to which we alluded. For it has long been ascertained 
that a spring has not this isochronous property at all lengths, 
but only at certain interval^ ; and therefore it is necessary 
in an accurate time-keeper to use only one of those lengths 
of the spring which are isochronous for different arcs of vi- 
bration ; and that bemg fixed, the timing of tlie balance 
can only be done by altering its moment of inertia, and this 
is done in chronometers by screws with heavy heads in the 
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rim of the balance, and set farther in or out as it is wanted 
to go faster or slower. In marine chronometers, where there 
is plenty of room for it, the balance spring is generally made 
in a cylindrical form, widi the coils all of the same diameter^ 
instead of the flat spiral used in watches ; though it docs 
not seem to be quite clear that the cylindrical form is ma* 
terially better than the other. It is evident, however, thit 
the goodnessof this spring is a matter of primary importame; 
and in this respect, as well as in mainsprings, there seems 
some reason for apprehending that our makers are surpaaed 
by the foreign ones. The balance-springs made by M. lutz 
of Geneva (by a secret method), stood the tests which the 
horological jury al the Great Exhibition applied, of pullingout 
nearly straight, and layingon a hot plate, without altering tieir 
form ; while those to which special attention was invited by 
Mr C. Frodsham, a chronometer-maker of reputatioi in 
London, were very much distorted under the same opera- 
tions. The late Mr Dent happened to be present Wien 
the springs of M. Lutz were tried, and he expressed gieat 
admiration of them. 

The timing of a watch for position, as it is called, is a 
matter which requires some attention. If the balance is 
not exactly poised on its axis, it will have a tendency to 
take one position when the watch is carried vertically, as it 
always is in the pocket ; and the time of vibration will be 
affected by its disposition thus to act as a pendulum. The 
watch ought therefore to be tried with XII, IX, YI, and 
III, successively upwards, and if it does not keep the same 
rate, the balance is not properly poised. Marine chrono- 
meters, indeed, being set in gimbcds (a ring with the two 
pivots into the box at right angles with the pivots which 
carry the chronometer) wiU remain horizontal, though not 
without some degree of motion under the motion of the 
ship ; and this gives the balance the further advantage of 
having its weight resting only on the end of the axis or 
verge, a position in which there is much less friction than 
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that of a watch carried in the pocket : but there it is not of 
so much consequence, because the balance is so much 
lighter than a chronometer balance. 

001£PENaAT£D BALANCES* 

The compensation of a balance for temperature is even 
of more importance than that of a pendulum, especially for 
chronometers, which are not kept, as watches are, to a tole^ 
rably equable temperature by being carried in the pocket. 
A pendulum requires scarcely any compensation except for 
its own elongation by heat ; but a balance requires com^ 
pensation not only for its own expansion, whidi increases 
its moment of inertia just like the pendulum, but far more 
on account of the decrease in the strength of the spring 
under increased heat. The late Mr Dent, in a pamphlet 
on Compensation Balances, gave the following results of some 
experiments with a glass balance, which he used for the pur- 
pose on account of its less expansibility than a metal one : — 

Temperature. Vibrations in an hour. 
32° 3606 

66° 3598-5 

100° 3590 

If therefore it had been adjusted to go right (or 3600 
times in an hour) at 32°, it would have lost 7^ and 8^ 
seconds an hour, or more than three minutes a-day, for 
each successive increase of 34°, which is about 15 times as 
much as a common wire pendulum would lose under the 
same increase of heat, taking the decrease of elasticity t>f 
the spring into account, as well as the elongation of the rod ; 
and if a metal balance had been used instead of a glass one, 
the difference would have been still greater. 

The necessity for this large amount of compensation hav- 
ing arisen from the variation of the elasticity of the spring, 
the first attempts at correcting it were by acting on the 
spring itself in the manner of a common regulator. Harri- 
son's compensation consisted of a compound bar of brass and 
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sted soldered togethery having one end fixed to the watch- 
inme^ and the other cairying two curb pms which embraced 
the spring as we described at fig. 21. As the brass expands 
DMxe than the sted, any increase of heat made the bar bend ; 
and so> if it was set the right way, it carried the pins along 
the spring so as to shorten iL This contrivance is called a 
oaa y if i olwM i emrh; and it has c^en been reinvented, or 
applied in a modified fivm. Bat there are two objections 
to it : first; that the motion €€ the curb pins does not cor- 
respond accurately enough to the variations in the force of 
the spring; and, secondly, it disturbs the isochronism of the 
spring for short and long arcs, because, as we stated a little 
while ago, that isodrnmism only subsists at certain definite 
loigths of the spring. And the compensation which was 
next invented left the spring untouched, and provided fi>r 
the variations of tanperature by the construction of the 
balance itself. Fig. 22 shows 
the plan of the mdinary com- 
pensation balance as it has 
now been used for many 
years. Each portion of the rim 
of the balance is composed of 
an inn^ bar of steel with an 
outer one of brass soldered 
upon it, and carrying the 
weights, by &, which are screw- 
ed to it. Asthetemp^ature 
increases the brass expand- Fis.2S. 

ing must bend the steel in- 
wards ; and so carries the wdgfats fiuther in, and diminishes 
the moment of inertia of the balance. The metals are 
generally soldered together by pouring melted brass round 
a solid steel disc, and the whole is afterwards turned and filed 
away till it leaves only the cross-bar in the middle lying flat 
and the two portions of the rim standing edgew&ys. The 
first person who practised this method of uniting them ap- 
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pears to have been Thomas Earnshaw — ^the man who brought 
the chronometer to the state in which it has remained for 
the last eighty years, with scarcely any alteration ; although 
(from a combination against him in his own time^ and the 
indifference of writers on these subjects since) he has not 
obtained the reputation he deserves, and has been sometimes 
dismissed in a single sentence, while pages have been be- 
stowed on the works of inferior artists, whose chronometers 
were always beaten by his whenever they came into compe- 
tition, and who afterwards copied his inventions, and did 
their best to prevent his being rewarded for them. 

The adjustment of a balance for compensation can only be 
done by trial, and requires a good deal of time. It must be 
done independently of that for time ; the former by shifting 
the weights, because the nearer they are to the cross-bar the 
less distance they will move over as the rim bends with them. 
The timing is done by screws with heavy heads (^ t, in fig. 
22) just opposite to the ends of the cross-bar, and conse- 
quently not affected by the bending of the rim. The com- 
pensation may be done approximately by the known results 
of previous experience with similar balances; and many 
watches are sold with compensation balances which have 
never been tried or adjusted — a matter which a purchaser 
has no means of ascertaining except by trying tiie watch 
himself in two sufficiently different temperatures. 

THE CHRONOMETRICAL THERMOMETEE. 

If a watch or chronometer, going right at a given tempera- 
ture, is transferred to a higher temperature, it will, of course, 
lose in proportion to tlie excess of the new temperature above 
the old, and the time it is kept there ; and consequently, its 
difference from the true time will show the quantity of ad- 
ditional heat it has received during that period ; and if its 
time is observed and registered every day or every week, it 
will show what has been the mean heat of that day or week. 
And if, instead of being furnished with a plain balance, it 
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has one compensated the wrong way, as we may call it, its 
indications will become still stronger. Such an instrument 
is called a chr(mometriealthermometery and is used where the 
quantity of heat received or lost by some other instrument 
or apparatus, during a given time, is wanted to be known, 
without regard to the extremes which the temperature may 
have reached, or its fluctuations. 

SGCONDART COMPENSATION. 

When chronometers had been brought to great perfec- 
tion by the improved workmanship of modern times, and 
were subjected to more extreme temperatures in the an- 
nual trials at Greenwich, it was perceived that there was a 
residuary error, which was due to clianges of temperature, 
but which no adjustment of the compensation could correct. 
For if the compensation was adjusted for two extreme tem- 
peratures, such as 32° and 100°, then the chronometer 
gained at mean temperatures ; and if adjusted for any two 
mean temperatures, it would lose for all beyond them. This 
error was observed, and attempts were made to correct it 
before anybody had pointed out how it arose : this appears 
to have been first done in a paper in the Nautical Magc^ 
zine by the late Mr Dent, in the year 1833 ; and he gave 
the following illustration of it. The variation of the force 
of the spring proceeds uniformly in proportion to the tem- 
perature, and therefore may be represented by a straight line 
inclined at some angle to another straight line divided into 
degrees of temperature. But the inertia of a balance of the 
common construction cannot be made to vary uniformly ac- 
cording to the temperature, but more rapidly in cold than 
heat ; and consequently its rate of variation can only be re- 
presented by a curve, and the curve can only be made to 
coincide with the straight line representing the rate of varia- 
tion of the spring, in two points, whether two extremes or two 
means, or one extreme and one mean point. The same thing 
may be shown mathematically, as follows : let r be the dis- 
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tance of the compensation weights b^ by in fig. 22 (which we 
may assume for convenience to be the whole mass M of the 
balance) from the centre at some mean temperature, and let 
dr be their increase of distance due to a decrease of some 
given number of degree of heat, under the action of the 
compensation bars. Then the new moment of inertia will 
be M (/^ + 2rc?r + £Zr*), and the ratio of the new to the old 

will be 1 '+ ^ ( ~" ) 5 ^"^ ^® ^^^ ( """ ) ^® "^^ ^® 

large to be disregarded, as it might be in pendulums, where, 

/ 



as we saw, the compensation -y is only required to be about 



dv 
3rVth of the — in a balance. It is found that an equal in- 
crease of temperature will produce an equal (or perhaps a 
less) motion { — dr) of the weights towards the centre, and 
therefore the ratio of the decreased moment of inertia to the 

original one will be 1 \- I — j ; so that the increase 

and the decrease firom the mean amount differ by twice 



m '■■ ' 



in other words, the moment of inertia of the 



balance varies less in passing from mean to hot tempera- 
tures than from mean to cold ; and consequently if it is ad- 
justed for mean and cold, it will not have decreased enough 
at an equal increase from mean to hot, or the chronometer 
will lose ; and if adjusted for the two extremes it will gain 
at mean temperatures. 

The correction of this error is called the secondary com- 
pensation ; and it has lately been the subject of a rather 
warm controversy, carried on in memorials to the Admiralty,, 
published by parliament, and subsequently in the Journal 
of the Society of Arts for the year 1853, arising from a re- 
peated claim by Mr Loseby, a chronometer-maker of great 
reputation, to be rewarded by the government for an in- 
vention of this kind, which he asserted to be superior to the 
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many others for the same purpose, some earlier and some 
later than his own. The Astronomer Rojral has four times 
reported against Mr Loseby's claim, though admitting the 
general exceUence of his chronometers; and it appears, from 
other examinations of the reports of the annual trials at 
Grreenwich, in the above pt^rs and journal, that when 
proper means are taken to distinguish the errors of compen- 
sation from the general errors which have nothing to do 
with temperature, Mr Lioseb/s apparent superiority vanishes 
altogether. It is obvious that the mere fact of one chrono- 
meter going better tlian another for a certain time proves 
nothing as to the value of any particular invention it con- 
tains, unless some means are taken to distinguish the effects 
of the error which that invention is designed to correct. We 
shall give a short description of the principal classes of in- 
ventions for this purpose, as several of them are exactly 
the same in principle. 

The first which was disclosed was Mr Eiffe's, who com- 
municated several methods for effecting this object to the 
Astronomer Royal in 1 835. They were afterwards described 
in a ps^r edited by Mr Airy for the Admiralty, and they, 
or some of them, were sufficiently successful to obtain for 
Mr Eiffe a reward of L.300 as being the first inventor, and 
having disclosed his invention without a patent. In one 
of them a compensation curb was used ; and though for 
the reasons we gave before this will not answer for the pri- 
mary compensation, it possibly may for the secondary, where 
the motion required is very much smaller. In another the 
primary compensation bar, or a screw in it, was made to 
reach a spring set within it with a small weight attached, at 
some mean temperature, and as it bent further in it carried 
this secondary compensation weight along with it. The 
obvious objection to this is (as Mr Loseby remarks), that it 
is discontinuous ; but still the whole motion is so small, 
not more than the thickness of a piece of paper, that this 
and other compensations on the same principle appear to 
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have been on some occasions quite as successful as his own. 
Mr Eiffe seems to have made some improvements since 
that time, but the nature of them is not disclosed in any of 
the papers we have referred to. Shortly afler this Mr 
Molyneux took a patent for a secondary compensation ex- 
actly the same as this of Mr Eiffe's, then before the Astro- 
nomer Royal. 

Another large class of balances, all more or less alike, 
may be represented by Mr Dent's, which came the next in 
order of time afler the two we have mentioned. He also 
described several forms of his invention in a pamphlet which 
he published; and it should be observed, that the one 
which he there specified as the best of them is not the one 
which Mr Loseby afterwards selected and described as 
^ Dentfs balance," for the purposes of his memorial to the 
Admiralty. The following is the proper description : — 

In fig. 23, the flat cross-bar is itself a compensation bar 
which bends upwards under increased heat ; so that if the 
weights were merely set upon upright stems rising from 
the ends of the cross-bar, they would, of course, approach 
the axis when that bar bends 
upwards. But instead of the 
stems rising from the cross- 
bar, they rise from the two 
secondary compensation 
pieces stum the form of 
staples, which are set on the 
cross-bar ; and as these se- 
condary pieces themselves 
also bend upwards, they 
make the weights approach 
the axis more rapidly as the 
heat increases; and by a 
proper adjustment of the Fig. 28. 

height of the weights on the stems, the moment of inertia 
of the balance can be made to vary in the proper ratio to 
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the variation of the intoisity of the ^ring. The cyUndrical 

spring stands above the cross-faar and between the staples. 

Fig. 24 represents Mr Loseby's mefcurial compensation 




Fif.SL 

balance. Besides the weights D set near the end of the 
primary compensation bars B, there are small bent tubes 
FE with mercury in them, like a thermometer, the bulb 
being at F. As the heat increases, not only do the primary 
weights D and the bulbs F approach the centre of the bal* 
ance, but some of the mercury is driven along the tube, thus 
carrying some more of the weight towards the centre, at a 
ratio increasing more rapidly than the temperature. The 
tubes are sealed at the thin end, witli a little air included. 
The action is here equally continuous witH Mr Dent's, and 
the adjustments for primary and secondary compensation 
are apparently more independent of each other ; and this 
modification of Le Roy's use of mercury fi>r compensated 
balances (which does not appear to have answered), is cer- 
tainly very elegant and ingenious. Nevertheless, it is dear, 
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from the analysis of the Greenwich lists for the last 7 years 
before referred to, that the advantages of this method over 
the others is more theoretical than practical ; for it appears, 
that if the six months of trial are divided into three periods, 
one containing all the coldest weeks, another the hottest, 
and the third those of moderate temperature only, and 
whether the division is arbitrarily made into equal periods 
of eight weeks, or into periods of six weeks of the most 
extreme temperatures and twelve of the mean, or is 
made just where the printed register of the temperature 
shows the greatest breaks to have occurred in each year, 
still the result is the same, that Dent's compensation has 
been the most successful in three years out of the seven, and 
Loseby'k in only one. We observe also, that Mr Loseby, 
in his numerous letters and memorials to the Admiralty and 
the Society of Arts, does not answer the objection to his 
daim, that the high place which his chronometers have fre- 
quently obtained in the Greenwich lists, not being borne 
out in that particular respect for which his invention is 
designed, must be attributed to his personal care and skill 
in getting up a chronometer for trial in each year ; which, 
however creditable to him, is evidently an argument against 
the value of his invention rather than in favour of it; 
and makes it probable that the same care and skill be- 
stowed upon some of the other inventions for secon- 
dary compensation would have rendered them still more 
successful. It is remarkable also, that it has never been 
adopted by any other chronometer-maker 5 for although he 
has recently included it in a patent, it was well known and 
open to the adoption of everybody for several years before : 
whereas the principles both of Mr Eiffe's and Mr Dent's me- 
thods have been adopted by several other makers. 

Chronometers have been made with glass balance-springs, 
and the published rate of one which was tried some years 
ago at the Royal Observatory was very good. They have 
the advantage of requiring very little primary and no 

H 
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secondary compensation, on account of the very small varia- 
tion in their elasticity, comrpared \^lth springs of steel or any 
other metal. We cannot ascertain any good reason why 
the use of them hafr not been extended, except that it is said 
the workmen resisted their introduction, as they often do 
resist any improvement involving a material departure from 
the establislied modes of construction. It was also stated 
on a late occasion at the Society of Arts, that glass springs 
change their rate after a few months ; but so do steel springs : 
it is expressly stated' in Mr Eiffe's pamphlet before referred 
to, that chronometers always gain after a few months' work- 
ing. But whatever is the cause, very few of these glass 
spring chronometers appear to have been made even by Mr 
Dent, who was the author of the one whose rate we have 
mentioned. 

But about a year before his death he invented a very dllFer- 
ent method of e£Pecting the primary and secondary compen- 
sation at once, and without any additional appendage to the 
balance or addition to the cost. He called it the prismatic 
balance, from the shape of the steel rim, of which the sec- 
tion is shown in fig. 25, BC being the brass, and the dark 
triangle within it the section of the steel part of the rim. 
A prism of cast-steel will bend more easily from the edge 
than the other way, and consequently the motion is greater 
when it is being curved by heat than when it is pulled 
straigliter by cold ; which is exactly what is wanted. It is 





Fig. 25. 



true that the difference is not quite so great as it ought to 
be for complete compensation for a very wide range of tem- 
perature (above 90°), such as the present Astronomer Hoyal 
has for the last few years subjected all tlie chronometers 
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which are sent for [itib}ic trial ; a practice which seems not 
unlikely to withdraw the attention of the makers from points 
of greater practical importance, and confine it to this one 
of secondary compensation for variations of temperature 
which not one in a hundred of them will have to undergo 
in real use. It is reiiiarkable that when the chronometer 
rates were sent to Greenwich afler a late arctic expedition, 
the Astronomer Royal had to report to the Admindty that 
the chronometers had all been kept so warm that they did 
not afford the means of arriving at any conclusion as to the 
relative merits of Uie different kinds of secondary compensa- 
tion ; in other words, that it had not come into action, even 
in an arctic voyage, to any sensible extent. But, although 
it would be of no use to send a chronometer of this kind to 
be tried against others in artificial changes of temperature 
from 21° to 115°, the present Mr Dent (of the Strand) says 
he has found them quite near enough to the requisite com- 
pensation for all ordinary variations of temperature, and also 
more than usually steady in their rate ; for even in the best 
chronometers there appear every now and then quite capri- 
cious variations, which show that there is yet ample room for 
improvement in other things besides compensation for an 
excessive range of temperature. 

WATCH ESCAPEMENTS. 

There is a greater variety of escapements in use in watches 
than in clocks. In the Austrian department of the Great 
Exhibition there was a large watch movement to which 
thirteen different escapements could be fitted for the purpose 
of illustration — not that anything like all this number can be 
said to be in use. The only ones that can be so described 
are (1.) the old vertical escapement, now almost disused; 
(2.) the lever, very much the most common in English 
watches ; (3.) the horizontal or cylinder, which is equally 
common in foreign watches, though of English invention ; 
(4r) the duplex, which used to be more in fashion for first- 
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rate watches than it is now ; and (5.) the deiadkedor ehro- 
mameier escapementy so callecl because it is alvrays used in 
marine cbronometers. Of course every watch is in one 
sense a dunonometer ; but the term is conventionally iqjplied 
only to marine chronometers^ and to watches of the same 
construction, which are thence caDed pocket chronometers. 
Besides these five standard movements, we have already 
mentioned that Macdowall's single-pin escapement {^. 7) 
has lately been applied to watches, and that it is in some 
respects superior to the lever ; but it is more expensive on 
account of the two additional wheels in the train ; and that, 
like the virgule or comma escapement (which is described in 
most of the French treatises on watches), can hardly be add- 
ed to the listof escape- 
ments in general use, 
though it is entitled 
to stand above many 
others of the thirteen 
before alluded to. 

The vertical escape- 
ment is simply the ori- 
ginal clock esc^e- Fiz.afi. 
ment of fig. 3 adapted 

to the position of the wheels in a watch and the ba- 
lance, in the manner here exhibited in ^g» 26. It is, as 
we saw before, a recoil escapement, and the only one of 
those we have mentioned which is ; and besides that, it re- 
quires considerable thickness in the watch to hold the wheel 
which stands vertically when all the others are horizontal. 
It is also inferior in going to all the others, and very littie 
cheaper than the lever escapement can now be made ; and for 
these reasons it is no wonder that it is almost disused. 

The lever escapement, as it is now universally made, was 
invented by Thomas Mudge, a London watchmaker, to 
whom (or to his son for him), in 1 793, a committee of the 
House of Commons, in opposition to the opinion of the 
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Board of Longitude, and apparently not understanding the 
evidence they took, gave a reward of L.3000 fbr inventing 
a remontoire escapement for chronometers, not worth a 
farthing, and indeed, as it turned out, worth a good deal 
less than nothing to his son, who proceeded to make the 
chronometers. However, if the reward is considered as 
given fbr the invention of the lever escapement, which is 
now used in all the best watches in the world (except chro- 
nometers), it may be said to have been well deserved. It 
is strange that Graham, the inventor of the dead escape- 
ment in clocks, did not hit upon this application of it to 
watches ; an application, too, which avoids the great defect 
of that escapement in clocks, viz., the dead friction, or the 
friction on the dead faces of the pallets beyond what is 
necessary for the locking. Fig. 27 shows its action ; of 
course the position of the 
lever with reference to the 

pallets is immaterial in prin- ^ ^ ^^ x-^-*— -a /» 

ciple, and is only a question 
of convenience in the ar- 
rangement ; but it is gene- 
rally such as we have given 
it. If you turn back to fig. 
5, the dead escapen^ent in 
clocks, you will see that this 
is just the same as if the 
pallets there vibrated no 
farther with the pendulum 
than just enough to let the 
teeth escape, and lefl the Fig. 27. 

pendulum free during all the rest of its swing or "ex- 
cursion" beyond the angle of escape. The reason why that 
cannot be done with a pendulum is, that its arc of vibration 
is so small that the requisite depth of intersection cannot be 
got between the two circles described by the end S of the 
lever and any pin in the pendulum which would work into 
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it ; whereas in a watch the pin P, which is set in a cylinder 
on the verge of the balance, does not generally slip out of 
the nick in the end of the lever until the balance lias got 
15° past its middle position. The pallets are under-cut a 
little, as it is called, ue^ the dead faces are so sloped as to 
give a little recoil the wrong way, or slightly to resist the 
unlocking ; because otherwise there would be a risk that a 
shake of the watch would let a tooth escape while the pin 
is disengaged from the lever. There is also a further pro- 
vision added for safety. In the cylinder, which carries the 
impulse pin P, there is a notch just in front of P into which 
the other pin S on the lever fits as they pass ; but when the 
notch has got past the cylinder, it would prevent the lever 
from returning, because the safety pin S cannot pass excepti 
through the notch, which is only in the position for letting 
it pass at the same time that the impulse pin is engaged in 
the lever. The palliets' in a lever escapement (except bad 
and cheap ones) are alwdys jewelled, and the scape-wheel 
is of brass. The staff of the lever also has jewelled pivot 
holes in expensive watches, and the scape-wheel has in all 
good ones. The holes for the balance pivots are now always 
jewelled, if nothing else is. The scape- wheel in this and 
most of the watch escapements generally beats five times in 
a second ; in large chronometers four timep ; and the wheel 
next to the scape-wheel carries the seconds-hand. Mac- 
dowall's single-pin escapement is adapted to watches exactly 
as the dead escapement of clocks is turned into the lever 
escapement in watchesJ 

Fig. 28 is a plan of the horizontal or cylinder escapement, 
cutting through the cylinder which is on. the verge of the 
balance at the level of the tops of. the teeth of the scape- 
wheel ; for the triangular pieces A B are not fiat projections 
in the same plane as the teeth, but are raised on short stems 
above the plane of the wheel ; and still more of the cylin- 
der than the portion shown at ACD i& cut away where the 
wheel itself has to pass. The author of this escapement was 
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Fig. 28. 



Graham, and it resembles the dead escapement in clocks in 
principle more than the lever escapement does, though much 
less in appearance ; 
because in this 
escapement there is 
the dead friction of 
the teeth against 
the cylinder, first on 
t^e outside, s^ here 
represented, and 
th^n on , the . inside»: 
as shown by the dot- 
ted lines, during the 
whole vibration of 
the balance, except, that portion which b^oogs to the impulse, 
whereas in the l^ver ^^cap^ment tjiere is not the dead friction, 
as we explained just now. The impulse, is given by the 
oblique outside edges Aa,Bb, of the teeth ;against the edges 
AD of the cylinder alternately. The portion of the cylinder 
which is cut away at the point of action ,is about 30° less 
than the semicircle. The cylinder itself is made either of 
steel or ruby, and from the small quantity of it which is lefl 
at the level qf the wheel, it is evidently a very delicate 
afiair ; and probably this has been the main reason i^hy, 
although it is an English invention, it ,has been almost 
entirely abandoned by the English watpl^makers in favour 
of the lever, which was originally a French invention, though 
very much improved, as we have seen, by Mudge ; for be- 
fore his invention the lever had a rack or portion of a toothed 
wheel on its end working into a pinion on. the balance verge, 
and consequently it was affected by the dead friction, and 
that of this wheel and pinion besides. This used to be called 
the rack lever, and Mudge's the detached lever, but the 
rack lever being now quite obsolete, the word " detached" 
has become detached from the lever escapement and con- 
fined to the chronometer^ to which i^ is more appropriate, 
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as wiD be seen presently. The Swiss wHdies hanre afanost 
imivenaOy the horizontal escapement. It is ftnmd that — 
finr some reascm wfaidi is a p pa ren tly unknovm, as the nde 
certadnly does not hold in cases a p p are ntly analogous — a 
steel scape-wheel acts better in this escapement than a brass 
one, althoogfa in some other cases steel upon steel, or even 
upon a ruby, very soon throws off a film of rust miless 
they are kept weO oDed, while brsss and sted or stone 
win act with scarcely any ml at aD, and in some cases with 
none. 

The diqdex escapement (fig. 29) is probably so called 
because there is a double set of teeth in the scape-idied — 
the long ones (like those of the lever escs^iement in shi^) 
fiir locking only, and short ones (or rather upright fnns on 
the rim of the wheel) for giving the impulse to the pallet P 
on the verge of the balance. The action of this escapemoit 
is very peculiar, and p 

requires some atten- 
tion to understand 
it. It is a single-beat 
escs^ment, t. e, the 
balance only receives 
the impulse one way, 
or at every alternate 
beat, as in the chron- 
ometer escapement^ 
and in a few clock 
esoqiements which 
we have not de- 
scribed, because they 
have never come into 
use. When the ba- 
lance is turning in the 
direction marked by 
the arrow, and arrives at the position in which the dotted 
tooth 6 has its point against the triangular notch V, the 




Fig. 89. 
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tooth end slips into the notch, and as the verge turns fiirther 
round, the tooth goes on with it till at last it escapes when the 
tooth has gdt into the position A ; and by that time the long 
tooth or pallet 'which projects from the verge has moved from 
;d to P, and just come in front of the pin T, which stands on 
the rim of the scape-wheel, and which now begins to push 
against P, and so gives the impulse until it also escapes when 
it has arrived at t; and the wheel is then stopped by the next 
tooth B having got into the position b, with its point resting 
against the verge, and there is evidently what we have called 
dead friction between them ; but as the verge is smaller than 
the cylinder of the horizontal escapement, and is also made of 
a jewel, the friction does not seriously affect the motion of 
the balance. The impulse is also given very directly across 
the line of centres, and therefore with very little friction, as 
in the three-legged dead escapement for clocks before de- 
scribed, and in the chronometer escapement which will be 
next described. A little impulse is also received from the 
long teeth on the notch ; but the greatest part of that mo- 
tion is wasted. As the balance turns back, the nick V goes 
past the end of the tooth b, and, in consequence of its small- 
ness, it passes without visibly affecting the motion of the 
scape-wheel, though of course it does produce a very slight 
shake in passing. It is evident that if it did not pass, the 
tooth could not get into the nick for the next escape. The 
objection to this escapement is, that it requires very great 
delicacy of adjustment, and the watch also requires to be 
worn carefully ; for if by accident the balance is once stopped 
firom swinging back far enough to carry the nick V past the 
tooth end, it will stop altogether, as it will lose, still more of 
its vibration the next time from receiving no impulse. The 
performance of this escapement, when well made, and its 
independence of oil, are nearly equal to that of the detached 
escapement, but not quite ; and as lever watches are now 
made sufficiently good for all but astronomical purposes, for 
which chronometers are used, and they are cheaper both to 
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make and to mend than duplex ones, the manufacture of 
duplex watches has decreased a good deal of late. 

The chronometer or detached escapement is shown at 
fig. 30 in the form to which it was brought by Elamshaw 
nearly eighty years ago, and in which it has remidned 
ever since, with the very slight difference that the pallet 
P, on which the impulse is given (corresponding exactly to 
the pallet P in the duplex escapement), is now generally 
set in a radial direction from the verge, whereas Earnshaw 
made it sloped backward or undercut,* like the scape-wheel 
teeth. The early history of escaf^ments on thb prin- 
ciple does, not seem to be very dear* They appear to 
have originated in France; but there- is no doubt that 
they were considerably improved by the first Arnold, 
who died in 1799; (the second, who died in 1842, owed 
his reputation to his father in the first instance, and 
afterwards to his partner, the late Mr Dent) He re- 
ceived several government rewards for* improvements in 
chronometers, though it cannot be* said- that he deserved 
them all ; for the last and\ largest^ of them he got solely 
through the influence of his friend Sir Joseph Banks, 
who, after failing to persuade the Board of Longitude 
to disregard the certificates of the Astronomer Royal, 
and the further evidence taken by themselves in conse- 
quence of Banks's opposition to the grant to Earnshaw, at 
last, by the help of the Firsts Lord of the Admiralty, Lord 
Melville, extorted fixim a niajority of the board a further 
grant of L.1680 to Arnold, for no further invention what- 
ever, but simply to make him equal with Earnshaw, because 
he had been voted L.dOOO for the improvements which en- 
abled his ordinary and cheap chronometers to beat the 
picked ones of Arnold and -the other makers. For among 
the other proofs of Ekumshaw's geuius it may be mentioned 
that he boldly set at defiance the common and stupid pre- 
judice for what is called ** high finish," i.€. the polishing up 
of sur&ces which have no action, and therefi>re no fiiction 
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on them. In this we are sorry to find that he has not been 
followed, in chronometers at least, by any body ; and Mr 
Dent, who has adopted the same system in turret clockwork, 
has on that account met with the same obloquy, on grounds 
still more absurd; for nothing can be a more ridiculous 
waste of mohey than polishing non-acting surfaces, which 
are never seen afVer they leave the shop, and besides that, 
necessarily lose their polish by dirt, oil, and sometimes 
^st, in the .course of a few months. But it is time we 
should describe the detached esa4)ement, as it has been 
made ever since the time of Eamshaw, with the slight dif- 
ference in the shape of the pallet, before alluded to. 
. In fig. 30 the small tooth or cam V on the verge of the 
balaiK^e is just on the point of unlocking the detent DT 
from the tooth T of the 
scaperwheel ; and the tooth 
A will immediately begin 
t^ give the impulse on the 
pallet P, jorhich in good 
chronometers is' always a 
jewel set in the cylinder ; 
and the tooth V is also a 
jewel* . TJiis part of the ac- 
tion is so evident a» to re- 
quire no further notice. 
When the balance returns, 
the tooth y has to get past 
the end of the detent, with- 
out xUsturbing it; for as' 
soon as it has been unlocked 
it fails against the banking pin E, and is ready to re- 
ceive 'the next tooth B, and must stay there until it is again 
imlocked. . It- ends, of rather begins, in a stiffish spring 
which is screwed to the block D on the watch finme, so 
that.it moves without any frictioii of pivots like a pendulum. 
The passing is done by means of another spring T V, called 




Fig. 80. 
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the passing spring, which can be pushed away from the 
body of the detent towards the left, but cannot be pushed 
the other way without carrying the detent with it In the 
back vibration therefore, as in the duplex escapement, the 
balance receives no impulse, and it has to overcome the 
slight resistance of the passing spring besides ; but it has no 
other friction, and is entirely detached from the scape-wheel 
the whole time, except when receiving the impulse. That 
is also the case in the lever escapement ; but tlie impulse in 
that escapement is given obliquely, and consequently with a 
good deal of friction ; and besides, the scape-wheel only 
acts on the balance through the intervention of the lever, 
which has the friction of its own pivots and of the impulse 
pin. The locking pallet T is under-cut a little for safety, 
and is also a jewel in the best chronometers, and the passing 
spring of gold, as steel will rust In the duplex and the de- 
tached eso^ements, the timing of the action of the differ- 
ent parts requires great care, t. e. the adjusting them so that 
each may be ready to act exactly at the right time ; and it is 
curious that the arrangement which would be geometrically 
correct, or suitable for a very slow motion of the balance, 
will not do for the real motion. If the pallet P were really 
set so as just to point to the tooth A in both escapements at 
the moment of unlocking (as we have drawn it, because 
otherwise it would look as if it could not act at all), it would 
run away some distance before the tooth could catch it ; be- 
cause in the duplex escapement the scape-wheel is then 
only moving slowly, and in the detached it is not moving at 
all, and has to start from rest The pallet P is therefore in 
fact set a little further back, so that it may arrive at the 
tooth A just at the time when A is ready for it, without 
wasting time and force in running after it The detached 
escapement has also been made on the duplex plan, of 
having long teeth for the locking, and short ones or pins 
nearer the centre for the impulse ; but the advantages do 
not appear to be worth the additional trouble, and the force 
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required for unlocking is not sensibly diminished by the ar- 
rangement, as the spring D must in any case be pretty stiff, 
to provide against the watch being held in the position in 
which the weight of the detent helps to unlock it. 

There have been several contrivances for remontoire es- 
capements, some of them certainly far better than Mudge's 
parliamentary reward escapement ; but there are defects in 
all of them, and there is, after all, not the same advantage 
to be obtained by giving the impulse to a watch-balance by 
means of some other spring instead of the mainspring, as 
there is in turret-clocks, where the force of the train is 
liable to very much greater variations than in chronometers 
or small clocks. We are, however, far from pronouncing, 
as some persons have done, on the very insufficient ground 
of these inventions having failed hitherto, that no remontoire 
escapement for watches can ever succeed. It was predicted 
with equal confidence, that it could never succeed in turret- 
clocks ; whereas we now see, that both a train remontoire 
and a remontoire escapement have succeeded perfectly, and 
make the clocks keep better time th£in had ever been known 
before. 

REPEATERS, KEYLESS WATCHES, &C. 

Among the pieces of watch- work wliich have gone very 
much out of fashion may be mentioned repeating watches, 
t. e, watches which strike the hours and quarters On pushing 
in the handle. They are now scarcely ever made in Eng- 
land, and with very good reason ; for it is almost impossible 
to crowd into the space of even a large-sized watch the quan- 
tity of wheels and other things required for the repeating 
work, without unduly interfering with the going part ; and 
besides that, the striking work itself is very liable to get out 
of order. We have therefore thought it better in this edi- 
tion to omit the descriptions of the various inventions of 
this kind, and to devote the space to matters of more prac- 
tical importance. 

The winding of watches without a key is an object for 
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which there have been several inventions, and it possesses a 
considerable advantage besides the mere convenience of 
being independent .of a key ; for as there is then no occa- 
sion to open it, the case may be made to fit more closely, 
and the air is more completely excluded, and consequently 
the watch will go longer without cleaning ; and it also saves 
the thickness and the cost of a double back to the case; 
The first plan of the kind was that of pulling out the knob 
of the handle, which went into the watch, and had a gather- 
ing click attached to it which wound up the fusee, or the 
barrel, by means of a ratchet. But this was not found to 
answer ; it was liable to get out of order, and moreover, at 
every time of winding you pumped fresh air into the watch 
which soon produced injurious effects. A far better plan is 
that which is noticed in the horological report of the Great 
Exhibition as exhibited by Mr Dent, as the proprietor, 
though not the author of the invention.* It combines the 
two objects of winding and setting the hands by means of 
the handle, in the manner we shall now describe. In fig. 
31, ^ is a wheel on the barrel with bevelled teeth, and there 
is anoUier small bevelled wheel on a spindle b which ends 
in a milled head a within the handle or pendant ; these two 
wheels cannot conveiffently be arranged so as to work into 
each other without the intervention of a third between them, . 
which is marked e in the left hand tof the three figures 31. 
It is easy to see that turning the milled head will wind up 
the barrel. The same arrangement might of course be ap- 
plied to the fusee, though it would increase the size ; but 
in fact these watches are made without one, and we know 
from those who have worn them for some years that the 
absence of a fusee could certainly not be discovered from 
any defect in their performance ; on this point we have ex- 
pressed our own opinion some pages back. The winding 
wheel d is also made ,with the well-known contrivance of 
Breguet, known here by the name of the " tipsy key," when 
applied to a common winding key ; which enables you to 
turn the handle the wrong way without doing anything 
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except moving a ratchet-wheel over its click, and conse- 
quently without straining tlie watch in attempting to wind 
it the wrong way. The same handle and wheels are also 
made use of to set the hands thus : There is a small wheel 
/which turns on a stud at the end of the lever fgk, and as 
the lever turns on a pivot at g, when its end A, which just 
projects through the rim of the watch, is pushed on one side, 
the wheel/ will then be thrown into gear with the winding 
wheel dand Ihe hour pinion in the middle of the watch ; 




and consequently if the handle is then turned it will alter 
the hands, just as they are usually altered from the back by * 
a key in foreign watches, so that the face need never be 
opened. Of course, while this is doing, you do at the same 
time wind up the watch a little if the handle has to be turned 
the way for winding ; but that is of no consequence, except 
that you cannot put the hands forward immediately after 
you have completely wound up the watch, (The arrange- 
ment of tile lever and the wheel /is not quite the same 
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in Mr Dent's later watches as that given above, and taken 
from one of his pamphlets ; but the principle being the same, 
we have not thought it worth while to alter the drawing.) 

The emperor Ni^leon I. had a watch ivhich wound 
itself up by means of a weighted lever, which at every step 
he took rose and fell, and, having a gathering click to it, 
wound up a ratchet attached to the barrel, if it was not then 
fully wound up. Th^ instrument called the pedomder is 
on the same principle, though its object is different, being 
merely to count the number of steps you take while the 
instrument is in your pocket It is capable of adjustment 
according to the number of steps which the wearer usually 
takes in a mile, which he must first count, and set the in- 
strument accordingly, and then it will indicate the distance 
walked ; but without such adjustment it affords no measure 
of distance at all, and it is on the whole of very little use. 

There is a very elegant invention of M. Redier of Paris 
(to whom a prize medal was awarded in the Great Exhibi- 
tion), for enabling you to mark the exact time of any ob- 
servation, without immediately looking off the object, and 
without the trouble of counting the beats by ear from the 
watch. In fig. 32, DD is the dial of a large watch (not 
intended for the pocket, though not so large as a box 
chronometer). The seconds-hand arbor is in tlie middle, 
so as to get the usual space of a minute for the seconds on 
the dial, and the spaces may be still further divided if ne- 
cessary. The watch should not have a duplex or a detached 
escapement, because in them the hand only moves at every 
other beat, and the quicker the balance beats the more 
accurate the observations may be. Very perfect going is 
not necessary for it, any more than for what is called in 
observatories 2^ journey vftan clocks t.&. a clock made for very 
loud beats (which is not generally consistent with very good 
going), and only set a-going from another clock a short time 
before it is wanted. The seconds hand is double, the lower 
one ending in a little cup at B with a small hole in the 
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bottom ; and the upper one £AB is a spring fixed to the 
other at £, and the end B a point just going through the 
hole in the cup. A drop of thick ink is put in the cup, and 
it is evident that when the upper hand is palled down itt 
point will make a mark on die dial. The pulling down 
is done thus :•— *At A there is a kind of link bung to the 
marking hand, moring very freely on the arbor of the main 
seconds hand^ and ending in a ring C very near the end of 
the spring SS, which is fixed to tlie watch case, and can be 
pushed in by a knob K from the outside. It would be 
difficult to exhibit in a drawing the precise form of the pin 




Fig. 82. 

P and the inclined plane which passes over it ; but it is such 
that as soon as the knob is pushed in far enough the in- 
clined plane drops over the end of P, and then the spring 
strikes down the ring C, and so pulls down the marking 
hand, and then the inclined plane is brought back sideways: 
past P, so as to be thrown out of the ring immediately, and 
to leave only a momentary contact with the dial ; it is in 
fact 80 momentary that the ink spot is never run the least, 
but is always a distinct and small speck, which gives the 
time of pushing in the knob within the nearest beat of the 
balance ; and for the minute, the minute-hand M must be 
looked at, either a little before or a little aller the observation. 
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Watches have also been made with what are called split 
seconds-hands ; the two hands being in their ordinary state 
together and appearing as one ; but when you push in a 
knob, one of them is stopped, while the other goes on : the 
time shown by the stopped one is of course the time of the 
observation. Sometimes this is done by merely connecting 
the hands by a very slight spiral spring, which will allow 
itself to be untwisted one or two coils without stopping the 
watch ; and as it cannot be of much use to stop the seconds- 
hand longer than a minute, this seems to be all that is 
wanted. There is however another plan, in which these 
two hands, or at least the socket of one and the arbor of 
the other are connected by a pair of discs set obliquely on 
the arbor and the socket respectively, so that whenever the 
spring which keeps them together is allowed to act, it brings 
the loose hand up to the hand fixed on the arbor ; and it 
does not signify how long it may be stopped by throwing 
the discs out of contact 

TEETH OP WHEELS. 

The important subject of the teeth of wheels is the only 
one we have now room to notice ; and though it belongs 
to all machines involving wheels, there is none in which it 
is of so much consequence as in clock-work, because there 
is none in which friction forms so large an ingredient in all 
calculations respecting its effects. At the same time we 
are not going to write a treatise or even an article on all 
the branches of that important subject, but assuming a 
knowledge of the general principles of it, to apply them to 
the points chiefly involved in clock-making. The most 
comprehensive mathematical view of it is perhaps to be 
found in a paper by the present Astronomer Royal in the 
Cambridge Transactions many years ago, which is further 
expanded in Professor Wilhs's Principles of Mechanism, 
Respecting the latter book, however, we should advise the 
reader to be content with the mathematical rules there 
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given, which are very simple, without attending much to 
those of the odontography which seem to us to give not 
less but more trouble than the mathematical, and are only 
approximate after all, and also do not explain themselves, 
or convey any knowledge of the principle to those who 
use them. 

For all wheels that are to work togethe/, the first thing 
to do is to fix the geometricaly or primitive^ or pitch circles 
of the two wheels, i^e, the two circles which, if they rolled 
perfectly together, would give the velocity-ratio you want. 
Draw a straight line joining the two centres ; then the ac- 
tion which takes place between any two teeth as they are 
approaching that line is said to be before the line of cen- 
tres ; and the action while they are separating is said to be 
afler the line of centres. Now, with a view to reduce the 
friction, it is essential to have a^ little action before the line 
of centres as you can ; for if you make any rude sketch, on 
a large scale, of a pair of wheels acting together, and serrctte 
the edges of the teeth (which is an exaggeration of the 
roughness which produces friction), you will see that the 
furtlier the contact begins before the line of centres, the 
more the serration will interfere with the motion, and that 
at a certain distance no force whatever could drive the 
wheels, but would only jam the teeth faster; and you will 
see also that tliis cannot happen afler the line of centres. 
But with pinions of the numbers generally used in clocks, 
you cannot always get rid of action before the line of cen- 
tres ; for it may be proved (but the proof is too long to give 
here) that if a pinion has less than 1 1 leaves, no wheel of 
any number of t^eth can drive it without some action before 
the line of centres. And generally (using the word in its 
mathematical sense, of universally) it may be stated that the 
greater the number of teeth the less friction there will be ; 
as indeed is evident enough from considering that if the 
teeth were infinite in number, and infinitesimal in size, there 
would be no friction at all, but simple rolling of one pitch 
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circle on tbe other. And since in clock-work the wheeb 
always drive the pinions, except tbe hour [Hnion in the dial 
work, and the winding pinions in large docks, it has long 
been recognised as important to have high numbered pin- 
ions, except where there is some remontoire escapement or 
apparatus to obviate that necessity. 

And with regard to this matter, the art of dock-making 
has pontively retrograded, and the (anions which are now 
almost universally used in English and French dodcs are 
of a worse form than those of several centuries ago^ to 
which we have several times alluded under the name of 
kmiem pinions, so called fiom their resemUing a lantern 
with upright ribs. A sketch of one, with a cross section on 
a large scale, is given at fig. 34 (post). Now, it is a property 
of these pinions, that when they are driven, the action begins 
just when the centre of the pin is on the line of centres^ 
however few the pins may be ; and thus the action of a lan- 
tern pinion of 6 is about equal to that of a leaved pinion of 
10 ; and indeed, for some reason or other, it appears in prac- 
tice to be even better, possibly from the teeth of the whed 
not requiring to be cut so accurately, and from the pinion 
never getting clogged with dirt* Certainly the runnii^ of 
the American docks, which all have these pinions, is re- 
markably smooth, and they require a much smaller going 
weight than Englisli clocks ; and it is evident that this can- 
not be due to any high finishing of the wheels and pinions, 
for these clocks are remarkable for the absence of all such 
finish; wl^ich the ignorance of most English mechanics 
leads them to think the great merit of a piece of dock-work, 
though requiring less mind' than any other part of their 
work. Mr Dent has for some years used these pinions in 
the going part of his turret-clocks, and he has latdy been 
applying them to some smaller work for the Astronomer 
Royal at Greenwich, and to regulators with Mr Denison's 
escapement. It should be understood, however, that as the 
action upon these pinions is all after the line of centres when 
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they are driven, it will be all before the line of centres if 
they drive, and therefore they are not suitable for that 
purpose. In some of the French clocks in the Exhibition 
they were wrongly used, not only for the train, but for wind- 
ing pinions; and some of them also had the pins not fixed 
in the lantern, but rolling : a very useless refinement, and 
considerably diminishing the strength of the pinion. For it 
is one of the advantages of these pinions that they are very 
strong, and there is no risk of their being broken in harden- 
ing, as there is with common pinions. 

The fundamental rule for the tracing of teeth, though 
one of great simplicity, is, we suspect, not so well known as 
it ought to be, and therefore we will give it : premising that 
so much of a tooth as lies within the pitch circle of the wheel 
is called its root or ^nk ; and the part beyond the pitch 
circle is called the pointy or the curve^ or the addendum ; 
and moreover, that before the line of centres the action is 
always between the flanks of the driver and the points o£ 
the driven wheel or runner (as it may be called, more appro- 
priately than the usual term follower) ; and afler the line of 
centres, the action is always between the points of the driver 
and the flanks of the runner. Consequently, if there is no 
action before the line of centres, no points are required for 
the teeth of the runner. 

In fig. 33, let AQX be the 
pitch circle of the runner, and 
ARY that of the driver j and 
let GAP be any curve whatever 
of smaller curvature than AQX 
(of course, a circle is always the 
kind of curve used); and QP the 
curve which is trs^;ed out by any 
point P in the generating circle 
GAP, as it rolls in the pitch circle 
AQX: and again, let RP be the curve traced by the 
point P9 as the generating circle GAP is rolled on the 
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pitd dide ARY: then HP wfll be the Tonn irf'the pmnt 
at a lootb on the driTer ARY, whidi will drire with nni' 
(ana and proper motioa the flanlc QP al the runner ; though 
not without tcane friction, becaiKe that can only be done 
with intolaie teeth, which are traced in a difierent way, 
and are subject to other conditions, rendering tbetn [Racti' 
(slly useless for madunery, as may be seen in Profesaor 
Willb^book. If the motion is reversed, so that the runner 
becomes the driver, then the flank QP is of the propcrfonn 
to drive the point KP, if any action has to take place be- 
fore the line of centres. 

And again, any generating curve or circle, not even ne> 
cessarily the same as before, may be used to trace the flanks 
of the driver ARY, 
by being rolled with- 
in that pitch drcle, 
and OD the outside 
of the runner AQX, 

Now then, to a(>- 
ply this rule to par- 
ticular cases. Sup- 
pose the geneiatiog 
circle is the same as 
the pitch circle of 
the driven pinion it- 
self ; it evidently 
cannot roll at all, and 
the tooth of the 
pinion is represent- 
ed by the mere point 
P on the circumfer- 
ence of the pitch 
circle ; and the tooth 
to drive it will be simply an ^icyeloid traced by rolling the 
pitch circle of the pinion on that of the wheel And we 
know that in that case there is no action before the line of 
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centres, and no necessity for any flanks on the teeth of the 
driver. But inasmuch as the pins of a lantern pinion must 
have some tliickness, and cannot be mere lines, a further pro- 
cess is necessary to get the exact form of the teeth ; tlius if 
RP, fig. 34, is the tooth that would drive a pinion with 
pins of no sensible tliickness, the tooth to drive a pin of the 
thickness 2 Pp must have the width Pp or Rr gauged off it 
all round. This in fact brings it very nearly to a smaller 
tooth traced with the same generating circle ; and there- 
fore in practice Uiis mode of construction is not much ad- 
hered to, and the teeth are made* of the same shape, only 
thinner, as if the pins of the pinion had no thickness. Of 
course they ehould be thin enough to allow a little shake, 
for freedom of action in case of any impediment ; and in 
clock-work the backs of the teeth never come in contact at all. 
Next, suppose the generating circle to be half the size 
of the pitch circle of the pinion. The curve, or hypocycloU 
traced by rolling this within the pinion, is no other than the 
diameter of the pinion, and consequently the flanks of the 
pinion teeth will be merely radii of it, and such teeth or 
leaves are called radial teeth; and they are far the most com- 
mon ; indeed no others are ever made (except luiterns) for 
clock-work. The corresponding epicycloidal points of the 
teeth of the driver are 
more curved, or a less 
pointed arch, than 
those required for a 
lantern pinion of the 
same size and number. 
The teeth in flg. 35 are 
made of a different form 
on the opposite sides of 
the line of centres C A 
in order to show the Fig, 85. 

difference between driving and driven or running teeth, 
where tlie number of the pinion happens to be as much 
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at 12, SO that no points are required to its teeth tiiien 
driven, since with that number all the acdon may be 
after the line of centres* The great Westminster dock af> 
fords a very good illustration of this. In both the strik- 
ing parts the great wheel of the train and ike great wind- 
ing wheel on the other end of the barrel are the same, and 
so are their pinions, except that in the train the wheel 
drives and in irinding the pinion drives ; and the some is 
again the case with the second wheel of the train and the 
second binding wheel. And therefore in the train the 
pinion teeth have their points cut off, and wheel teeth hare 
dieir points on, as on the right side of fig« 35 ; and in die 
winding wheels the converse, as on the lefl side ; and thus 
in both cases the action is made to take place in the way 
jn which there is the least friction. Professor Willis gives 
the following table, ^derived oi^anically * (#.€!. by actual 
trial with large models), of the least numbers which will 
work together without any action before the line of centres, 
provided there are no points to the teeth of the runner, 
assuming them to be radial teeth as usual :— 

Driv«r 64 30 24 20 17 IS 14 13 12 11 10 9 8 7 6 

Biuuier..,...U 12 13 14 15 16 17 18 19 21 23 27 35 32 176 

In practice it is hardly safe to leave the driven teeth 
without points, unless the numbers slightly exceed these ; 
because if there is any irregularity in them, the square 
edges of those teeth would not work smoothly widi the 
teeth, of the driver. Sometimes it happens that the same 
wheel has to drive two pinions of different munbeirs. It is 
evident that, if both are lanterns or both pinions with radial 
teeth, they cannot properly be driven by the same wheel, 
because they would require teeth of a different shape. It 
is true that oa account of the greater indifierence of lan- 
tern pinions to the accuracy of the teeth which are to 
drive them, the same wheel will drive two pinions of that 
.kind differing in the numbers in the ratio of even 2 to 1, 
with hardly any sensible 4Bhake ; but that would not be so 
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wiUi radial pinions, and of course it is not correct Accord- 
ingly in clocks nvith Mr Denison's spring remontoire, as in 
fig. 1 7, where the scape-wheel or remontoire pinion is double 
the size of the fly pinion, the larger one is made with radial 
teeth and the smaller a lantern, which makes the same 
wheel teeth exactly right for both. In clocks of the con- 
struction in fig. 18 there is a case of a different kind, which 
cannot be so accommodated ; for there the great wheel has 
to drive the second wheel's pinion of 10 and the hour- wheel 
of 40 ; the teeth of the great wheel are therefore made to 
suit the lantern pinion of 10, and those of the hour-wheel 
{ix. their flanks) then depend on those of the great wheel, 
and they are accordingly traced by roUmg a generating 
circle of the size of the lantern pinion on the inside of the 
pttdi cirde of the hour- wheel ; the result is a tooth thicker 
at the bottom than usual. These are by no means unne- 
cessary refinements ; for if the teeth of a set of wheels are 
not properly shaped so as to work smoothly and regularly 
into each other, it increases their tendency to weiff out in 
proportion to their inaccuracy, besides increasing the ine- 
qualities of force in the train. Sometimes turret clocks are 
worn out in a few years from the defects in their teeth. 

In describing the striking work of a turret clock, fig. 18, 
we refisrred to this part of the article for the rule for con- 
structing the cams which raise the hammer. The condition 
which it is most important for them to satisfy is that the ac- 
tion should begin at the greatest advantage and therefore 
'at the end of the lever ; and that when it ceases the face of 
the lever should be a tangent to the cam at botli their points, 
flo that in no part of the motion should the end of the lever 
scrape on the cam. In the common construction of clocks 
€he first condition is deviated from as far as possible, by the 
striking pins (which are used by nearly all the clock-makers) 
banning to act some distance fix)m the end of the lever; and 
consequently at the time when the most force is required to 
lift the hammer there is the least given» and a great deal is 
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The following is a simple rule for con- 
In fig. 36 let CA he a radius of the 




Fif.M. 



wasted afterwards, 
structing the cams, 
wheel, and L in 
the same straight 
line the centre of 
the lever ; AB 
the space of one 
cam on the pitch 
circle of the 
cams; AP the 
arc of the lever. 
Draw a tangent 

to the two circles at A, and a tangent to the cam circle at 
' B ; then T, their point of intersection, will be the centre of 
the circle which is the face of the cam BP ; and TB also = 
T A ; which is a convenient test of the tangents being rightly 
drawn. The action begins at the point of the lever, and 
advances a little way up it, but recedes again to the point, 
and ends with the lever as a tangent to tlie cam at P. The 
backs of the cams must be cut out rather deeper than the 
circle AP, to allow enough for clearance and drop, in order 
that the lever may not fall at once on to the next cam, but 
against some fixed stop or banking on the clock frame. 
The point of the lever must not be lefl quite sharp, for, if it 
is, it will in time cut off the points of the cast-iron cams. 

We will add a few words on the subject of oil. Olive- 
oil b most commonly used, sometimes purified in various 
ways, and sometimes not purified at all. We believe, how- 
ever, that animal oil is better than any of the vegetable oils, 
as some of them are too thin, while others soon get thick 
and viscid. For turret clocks and common house clocks, 
good sperm oil is fine enough, and is probably the best 
For finer work the oil requires some purification. Even 
common neat's foot oil may be made extremely fine and 
dear by the following method : — ^mix it with about the same 
quantity of water and shake it in a large bottle, not full, un- 
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til it becomes like a white soup ; then let it stand till 6ne 
oil appears at the top, which may be skimmed off: it will take 
several months before it has all separated, into water at the 
bottom, dirt in the middle, and fine oil at the top. And it 
should not be done in hot weather, because heat makes some 
oil come out as fine, which in cold would remain among the 
dirty oil in the middle, and in cold weather that fine oil of hot 
weather will become muddy. There are various vegetable 
oils sold at tool shops as oil for watches, including some for 
which aprize medal was awarded in the Exhibition, but not by 
any of iJie mechanical juries ; we have no information as to 
the test which was applied to it, and none but actual use for 
a considerable time would be of much value. We have heard 
of 5 per cent, in power being saved in a manufactory by the 
use of sperm, instead of sweet oil, to small spindles requir- 
ing constant lubrication. 
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The IliFLKUKMOorB m m HWl i uHiwil invented by Mr 
Bloxaniy wImw name Ins alrendy been mcBtioned in die 
ntide OB Clock end Watdi Woric, fir sKertuning the time 
ofsdar noon more exacdy thm can be done by aoonnnon 
son-cfiaL It can abo be used when the son is covered with 
thin donds^ not tfaidc enough to hide it, dioagfa gnflicient 
to prevent it casting a distinct dndow. The name is 
compoonded of SarXoas dooble, liSog an imi^e, and moari» 
to see, becsose in all positicMis ezoqpt one it pieseDts a 
doable image of the son. The instrument is to be fixed 
by a ehfonometer so diat it may be in the position of show- 
ing the sin^e imagie of the son ezacdy at nocm ; and then 
at about a minnte befiire noon the two images make their 
first oontKty and at the same time after noon they com- 
l^eCdy s^arate, and the times of these contacts and also 
of the complete coinddenoe can be observed within two or 
three seconds. The following is the princi{^ of the oon- 
stmction* 

Let A B C be the rectangular section of a prism set 
80 that a ray of the smi S I, and its reflected ray I Rj, 
lie in the plane perpendiciilar to the axis of the prism. It 
is not solid, but composed of three small glasses of which 
ABy ACy are mirrors, but BC is only a plain glass not 
silvered. ConsequentlyytherBy SI will be pardy reflected 
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from BC in the direction IRi, but part of it will pass 



through theglassand 
be reflected by the 
mirror A C on to 
AB^and there re- 
flected again andsent 
through BC in the 
direction aRj^ mak- 
ing some angle a 
with B C. Suppose 
the angle of inci- 
dence, and there- 
fore of first reflec- 
tion to Ri, to be 
A — S (A being the 
opposite angle of the 
prism)yand the other 
angles as marked in 
the figure; and let 
us see what a the 
angle of the twice 
reflected ray will be. 




Pig. 87. 



Now, /3«=ir-(C+A-8), in the small triangle near C ; 
therefore, in the one near A, y « tt- (A +)8) = C - 8 ; and 
in the triangle near B, a«flr-(B + C-8) = A + 8. And, 
therefore, the difference between the directions of the once 
reflected and the twice reflected rays is 2 8 ; and if the 
prism is so placed that the angle of incidence ^^ the opposite 
angle of the prism at noon, the rays will then emerge paraU 
lei at noon, and the two images of the sun will be seen as 
one ; as noon approaches, the images converge, and afler 
noon diverge, with a velocity double that of the sun itself. 
But the plane of incidence and reflexion can only be per 
pendicular to the axis of the prism twice a-year. Still the 
same result will take place if it is once set properly. For 
suppose it to be set perpendicular to that plane at the equi-. 



142 CLOCK AND WATCH WOBK. 

nox: then at midsummer the incident and reflected ray 
I Rl will lie in planes making the angle q> (the obliquity of 
the ecliptic) with the equinoctial plane ; but S I and I R^ 
will be sections of two other planed parallel to the axis of 
the prism, in which the incident and reflected rays also lie. 
And, in like manner, the ray reflected from A C will lie in a 
plane at the angle a> below the equinoctial plane ; and that 
reflected from A B to R, also ; and the projections of these 
rays on the equinoctial plane will lie in the same direction 
as before ; and, therefore, the twice reflected and the once 
reflected rays will emerge parallel, as before, when SI is in 
the plane of the meridian. 

The prism is inclosed in a small solid brass box in the 
shape of an irregular pyramid about two inches high ; and 
it is made so that it only requires fixing on a horizontal bed. 
They are only made by Mr Dent, as he is the proprietor of 
Mr Bloxam*s patent Instead of fixing them and so leaving 
them exposed to the air, he has lately adopted the plan of 
fixing a brass plate on the window-cill where the instru- 
ment is to stand, with a raised edge against which one side 
of the dipleidoscope is laid when it is first set by the chrono- 
meter, and afterwards whenever it is used. It b generally 
necessary either to smoke the fi'ont glass, or to look at it 
through a piece of smoked or coloured glass, which Ls sup- 
plied with it, as well as the necessary table of the times of 
first and last contact for every day in the year. Mr Dent 
has also lately made them to revolve upon an axis parallel 
to the earth's axis, and with a graduated hour circle, so that 
they may be used for any other hour as well as noon. But 
in this case the instrument can only be used (except at 
noon) for the latitude for which it is constnicted, like a 
sun-dial, unless it has an adjustment for latitude also, as 
some of them have. 

Some instrument of this kind ought to be kept by every- 
body who thinks it worth while to have a good clock, and 
yet has no other means of occasionally obtaining the real. 
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timef more accurately than from railway clocks, or public 
docks of ordinary quality. For those who feel any diffi* 
culty about using the dipleidoscope, or who wish to be quite 
independent of the setting by a chronometer in the first 
instance, Mr Denison recommends, in his treatise on 
clocks, the following simple and independent construction 
of a sun-dial on a larger scale for noon only, which is quite 
sufficient for the occasional correction of a tolerably good 
dock :— 'Fix a thin plate of metal (protected against rust 
in any way you please) with a small hole in it, facing the 
south as nearly as you can, and inclined to the horizon at 
about 50° (not that the inclination is material), with the 
hole about nine inches above a stone slab set quite firm and 
level. Mark the point on the slab exactly under the hole 
by means of a pointed plum-bob, and call it C. About 11 
o'clock see where the bright spot falls on the slab, and call 
that A, and with radius C A draw as much of a circle as is 
likely to be wanted for the bright spot again to reach it 
about 1 o'clock. Mark the place where it does reach it a, 
and bisect the arc Aa in M suppose, and draw a straight 
line CM, as long as the slab will hold, from C through M. 
That line is the meridian, and the spot will always fall upon 
it at solar noon. Before you mark the line strongly, it will 
be as well to take several observations of this kind at dif- 
ferent times, before and afler noon, and on different days, 
and if their bisections agree in falling on the line C M you 
may be sure it is right. We have seen one of these dials 
wiUi the gnomon only six inches high, and the time can be 
taken from it perhaps as accurately as from a dipleido- 
scope, and certainly with far less trouble. 

In order that the bright spot may fall on tlie slab in waiter, 
the distance of its northern edge from C must be rather more 
than four times the height of the hole above the slab. If this 
size is inconvenient, there may be a second hole made at 
half the height, the plate or gnomon not being finally fixed ; 
then on any fine day m the sutnmer half of the year, move 
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the gnomon until the spot from this second hole also Alls 
on the line CM at noon Ot can be done in a moment), and 
there fix the gnomon. The lower spot will then always 
fidl on the slab if it is made only half the size above men* 
tioned, though in winter the upper one will fall beyond it. 
It is best to make the slab a li^t colour, and an equation- 
table may as well be cut upon it 



THE END. 
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ENCTOLOPiBDiA BRiTAmnoA, EiGHTH "EDITION^ Continued. 

In every country where Science and Literature have 
been long and successfully cultivated, and books exten- 
sively multiplied, attempts more or less skilful have 
been made to reduce the mass of information to a com- 
pendious and regulated form, and to furnish a ready 
access to its varied details by means of Encyclopaedias. 
Of the importance and advantages of such publications 
there can scarcely be two opinions. Executed on a 
plan sufficiently comprehensive, they ought to embrace 
all the departments of human learning, rendering the 
Alphabet a ready key, not only to the Arts and Sci- 
ences, but to the multiplied details of History, Bio- 
graphy, Geography, and Miscellaneous Literature. A 
work thus constructed is not only valuable to the 
Scholar and the man of Science as a Dictionary of 
Universal Reference, but the subjects being treated in 
a form consistent with systematic exposition, as well 
as with alphabetical arrangement, the book becomes 
an inestimable treasure to those who, although they 
cannot afford leisure for very laborious research or 
profound investigation, are yet desirous to possess that 
general information on all subjects which constitutes 
an intelligent and well-informed man. 

Among books of this class, the ENCYCLOP-fiDiA 
Britannica has long been conspicuously eminent. As 
a Great Repertory of Human Knowledge, it has con- 
tinued since 1771 to accumulate the ever-increasing 
treasures of Science and Literature. It was first pub- 
lished in three volumes 4to, 1771 ; next, in ten vo- 
lumes in 1778 ; in eighteen volumes in 1797, to which 
was added the Supplement, in two volumes, by 
Bishop Gleig, in 1801 ; this was followed by an 
edition in twenty volumes, in 1810; and other two 
editions during the succeeding ten years; to which 
was added the celebrated Supplement, in six volumes 
4to, edited by Professor Napier, commenced in 1815, 
and finished in 1824. 
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Enctclopjedia Britannica, Eiobth Editiok— Cbn^Atiecf. 

The Seventh Edition, which was completed in 
1842, embodied whatever remained valuable in the 
previous editions and in the Supplements, and was fur- 
ther enhanced in value by the addition of some of the 
most celebrated disquisitions which have adorned the 
literature of the nineteenth century. The publication 
thus of Seven Editions with successive improvements, 
and the Sale of 35,000 copies, not during an excitement 
raised by a factitious reputation, but during a succes- 
sion of years, in which the work was tested and ap- 
proved by the most accomplished and scientific scholars, 
remains an irrefragable proof of its unquestionable 
iQerit, and have given it so decided a preference in 
public favour, that its popularity, instead of suffering 
diminution from rivalship, has steadily continued to 
increase, and never stood higher than at the present 
time. 

It has been the leading object of its conductors to 
combine abstract with practical, and solid with pleasing 
information, in such proportions as would be most 
useful and most acceptable to the public, to deliver the 
truths of Science in the most accurate and intelligible 
form, and, at the same time, to pay due attention 
to those branches of knowledge, which, though not 
admitting of a scientific shape, are yet deservedly po- 
pular, and have a powerful influence on the taste, habits, 
and character of the individual, — in a word, to render 
the Work at once a Dictionary of Science, a Copious 
Abstract of Literature and Philosophy, and a Book 
of Universal Reference. 

The Eighth Edition will undergo careful revision 
and extensive alterations, so as to be accommodated to 
the improved taste and advanced intelligence of the 
times. Anangements are accordingly made to secure 
the co-operation of the most eminent living Authors, 
who have contributed treatises in the various depart- 
ments of Science, Literature, the Arts, Manufactures, 
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Commerce, Statistics, and General Knowledge, to su- 
persede those now rendered obsolete by the progress of 
discovery, improvements in the Arts, or the general 
advancement of society. 

In giving effect to the extensive plan of reconstruc- 
tion thus adopted, due consideration will, at the same 
time, be given to the great and permanent value of many 
of those Articles and Treatises with which the former 
Editions were enriched. The possession of these in- 
valuable contributions forms, indeed, a characteristic 
feature of the Work, and gives it a decided pre-eminence 
over every other publication of its class. 

To the Gentleman and the Merchant, to the Agri- 
culturist and the Manufacturer, to the Clergyman and 
the Layman, to the Student of Science or Philosophy 
and the Cultivator of Literature or the Fine Arts, the 
Encyclopaedia Britannica will prove an acquisition of 
the highest value. The great scope of its information 
also recommends it to Emigrants and other persons re- 
sident in quarters where access to books is difficult, or 
whose fortunes do not permit them the enjoyment of 
extensive libraries. 

To all such the Publishers confidently recommend 
the Encyclopedia Britannica, as a Work deserving 
of their confidence and support, and worthy of the Na- 
tional Name. 

OPINIONS OF THE PRESS. 

*'The workiaof established repntation; and thongh much is continually 
added to our knowledge, which makes all books of this description speedily im- 
perfect, they are extremely valuable, as containing a perfect record of all the 
Knowledge extant at the time the^ are compiled, much of which never can be 
old or out of date. The undertaking is a gigantic one, but it is in the hands of 
spirited men, who have known how to conduct similarly large and equally im- 
portant underts^ings to a successful issue. They are prompted to it by a con- 
tinual demand for works of this elaborate kind, which is the best of all possible 
answers to those who continually reproach the age as superficial. Such large 
enterprises are an honour to the country as well as to the individuals, and we 
heartily wish the Messrs. Black a great success." — Economut. 

" Notwithstanding the words Eighth Edition, the Work may be reckoned 
■ew in subBtajice, wherein discovery or time has turned up new factB."--/Sipec- 
Mor. 
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EirCTCLOPiBDlA BRITANinCA, ElOHTH EDITION— CoflftlNMlli 

*'The ftdTance of literatare and sdence ib again oommemorated by the 
advance of the great and famoua Encyelopcedia Brilanniea into a new emtion. 
We have reason to conclude that, under the editorship of Dr. Traill, tiie Eighth 
Edition of this fine EneyeUtpcedia will be at once worthy of its antecedents, and 
of the period in which it is produced ; nor can we doubt that it will grow in 
favour as it grows in worth. Undoubtedly the social usefulness of an Bncydo- 
pndia— «8 the horizon of our knowledge widens— becomes greater eyery year.** 
—EKamiiMr. 

** The Work reflects infinite credit on the Publishers."— ^?iMr<<M»i* 

" The style in which this new edition is got up, is every way worthy of the 
high character of the enterprising Publishers who have embarked in this impor- 
tant undertaking. It is highly satisfactory." — John Bull. 

"This celebrated Eneyclopcedioy the Eighth Edition, under the editorship of 
Dr. Traill, promises to be more valuable than all its predecessors, additional 
dinertatious being announced from the able pens of the Archbishop of Dublm, 
lEhr. Wbewell, and Professor J. D. Forbes. The enterprising Publishers have 
oni heartiest good wishes for the success of their venture."— ^^/a«. 

" This admirable repertory of human knowledge is now about to be issued for 
the eighth time, loaded with the additions which wonderful discoveries in the 
field of intellect have made to the previous stock. Its history is a type of the 
history of the progress which the successive editions chronicle. When finished, 
it will be the most complete collection of treatises on arts and sciences and 
general literature, that we possess in the language."— DatVy News. 

" A new edition of the famous Bneyclopcedia Britannica, the most famous, 
and in estimation the foremost, of English Encyclopedias, is an event in the 
history of British literature, to be recorded with something more than a mere 
note among the intelligence of the time. Such a work will be something more 
than a dictionary, something better than a mere book of reference; it will be a 
book to be read hV the seeker after knowledge — a book for the man of business 
no leas than for the man of study." — Critic. 

** In conclusion, we very cordially recommend this publication to the mini- 
sters and laity of our Church, and to congregational libraries. We add a sug- 
gestion to congregations about to make presents to their ministers, exhorting 
them by all means to turn away their eyes from the dazzling wares of the jewel- 
ler and upholsterer, which are fitter for the Crystal Palace than the penetralia 
of the manse, and to help them, in preference, to adorn their shelves, and re- 
fresh their minds with this new issue of the Enqrclopndia Britannica." — United 
Presbyterian Magcutine. 

" it is highly honourable to the proprietors of this ^eat national work, that 
each new e£tion should be invested with increased claims to general admiration 
and patronage. A new edition, in too man^ cases, means merely a reprint of the 
old edition, with scarcely a symptom of revision. In this instance, on the con- 
trary, not only will all the new objects and inventions which have acouired per- 
manency be incorporated into the work, but many of the articles which formerly 
appeared will be re-written, or receive such adoitions as circumstances may 
have rendered expedient. Successive issues of a trustworthy Encyclopedia 
present a history of Progress, Thus the eighth issue of the Bneyclopcedia Bri- 
tannica will tell of all that is worthy of note to the present hour, discarding the 
notions which modern genius has superseded, and narrating the progress to per- 
fection which all worthy inventions have achieved. It is by no means an unim- 
portant feature of the present edition, that it is printed in a clear and beautiful 
type, and upon the finest description of paper. The Publishers have rightly 
judged that the highest class of composition is worthy of the highest aa- 
juucts." — United Service Gaeette. 

** We are certain that all students, and generally the entire reading world, 
wherever the Enelish language is spoken or unosrstood, will gladly welcome 
this, the eighth emtion of a work which has been the standard book of reference 
for npwardi of three-quarters of a century. The style in which it is got up, 
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"were there nothing; else, would force the Eneyclopcedia Britanniea into notice. 
Bat when it is ^own that the contributors to its, stores of knowledge are 
selected from amongst the most accomplished scholars and men of science of the 
present day, the public has a guarantee of its excellence which will lead to an 
extensive sale of the work.*'— GUugow Herald. 

" In securing the services of Professor Traill, as editor of the edition, we 
think the Publishers may well be congratulated. His life has been devoted to 
the study of medical and natural science ; and of the success with which he has 
cultivated his acquaintance with them, the lustre with which, as Professor of 
Medical Jurisprudence, he has contributed so largely to give to our University, 
as a great medical school, may be taken as a sufficient proof. His clearness of 
head, soundness of judginent, and general habits of thought, are admirably 
adapted for the work of compilation ; and it is with pleasure we find that, now 
in the maturity of his years, a man of his attainments and talent has devoted 
■himself to a task whose performance will, doubtless, be so creditable to himself, 
and so useful to his fellow-men." — Caledonian Mercury. 

" The publication of this edition of the Eneyelopcedxa Britanniea will form an 
epoch in the history of science and literature. It promises to possess ereatly 
superior claims. The promises held out in the Prospectus, and the high diarao- 
ter of the publishers, concur, with the pre-eminent qualificatious of the new 
editor, Professor Traill, to give the most complete assurance that our highest 
expectations will be fully realised." — Glasgow Gonstitutional. 

'* Little more than ten years have elapsed since the seventh edition of this 
great national work was completed, ' and now an eighth appears V The truth 
is, however, that since 1771 the Encyelopcedia Britannicaf which extended ori- 
ginally to only three volumes, has been rolling steadily on, and continually 
gathering bulk like a snow-ball. During the eighty and odd years which have 
elapsed, immense progress has been made in almost every department of human 
knowledge, and hence the necessity of extending, from time to time, tiiis great 
mirror of ail the sciences, so as to embrace our most recent acquisitions. The 
proprietors of the Eneyelopeedia Britanniea, however, seem determined that the 
work which has grown up so successfully in their hands shall still be kept fresh 
and green— that every decaying twig shall be lopped off, and new and healthy 
branches engrafted on its vigorous stem. In the edition now begun. Professor 
Traill has been assigned a task for which he is well qualified ; nor is he to be 
without ample assistance. When completed, which it will of course be in little 
more than nve years, it will form the most complete, comprehensive, and admi- 
rable dictionary of arts, seiences, and general literature, in the wotid.'*-^Glaigow 
Citiun. 



ATLASES. 

LAST EDITIONS, WITH ALL THE LATEST DISCOVERIES. 

GENERAL ATLAS OF THE WORLD, 1854.— 

Containing upwards of Seventy Maps, engraved on Steel, in the 
first Style of the Art, by Sidney Hall, Hughes, and others; with 
Introductory Chapters on the Geography and Statistics of the 
different Countries in the World, and an Index of all the Names 
occurring in the several Maps, amounting to above 60,000, with 
their Latitude and Longitude, and the number of the Map in 
which they will be found. New Edition, containing all tlie lat- 
est discoveries in Australia, California, Africa, and Captain 
Inglefield's and M'Lure's in the ^ctic Regions, with numerous 
improvements and additions. Strongly and elegantly half-bound 
in morocco, with gilt leaves. Price £2 : 168. 
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Genbbal Atlas of the Wojajy-^CorUmued. 

This Work is published on the plan of small impressions, and 
freqaent new and corrected issues. The Publishers are thus en- 
abled to take advanta^ of every discovery as it appefu*8, and to 
offer the public an Adas that can be relied upon lor accuracy, 
beauty, and comprehensiveness. 

ALPHABETICAL LIST OF MAPS. 

PHYSICAL GEOGRAPHY. 

1. The Chief Physical Features of the World— Currents of the Oeean— 

Distribution of Winds, Rain, and Snow. 

2. ETHNOGRAPHY— Distribution and Varieties of the Human Baee. 

3. ZOOLOGY — Distribution of some of the Principal Members of the 

Animal Kingdom. 

4. BOTANY—Distribution of the Principal Plants^Begion of Cultivation 

of the Tea, Sugar, Coffee, and Cotton Plants. 

5. BOTANY— Distribution of Plants in Equinoctial America, according 

to Elevation above the Level of the Sea, 

6. MAGNETIC CURVES. 

7. ISOTHERMAL LINES. 

8. MOUNTAINS and RIVERS. 

9. STARS— Northern and Southern Celestial Hemispheres. 

10. SOLAR SYSTEM— Theory of the Seasons and Tides— Ecllpeee— 
Phases of the Moon—Mariner's Compass— Twilight and Diiwn— 
Summer and Winter Rays. 

11. AFRICA— -Madeira— Port of Aden. 

12. AFRICA (NORTH and SOUTH). 

13. Do. SOUTHERN PORTION, Large Scale. 

14. AMERICA (NORTH). 
16. AMERICA (SOUTH). 

16. ARCTIC REGIONS and BRITISH AMERICA, shewfaig the North.West 

Passage di8CoveredJ)y H.M. shig Investigator, also the Coast ex]^lored in 

Search < '"■ "" ' "^ , «. •- .^ «. 

1848-9; 

Rae, 

Cher and Captain Inglefield, 1852-3. 

17. ASIA. 

18. AUSTRALIA and VAN DIEMEN'S LAND. 

19. AUSTRALIA, SOUTHERN PART— NORFOLK ISLAND. 

20. NEW SOUTH WALES, and PLAN of SYDNEY. 

21. VICTORIA— MOUNT ALEXANDER— GOLD REGIONS. 

22. AUSTRIAN DOMINIONS. 

23. BELGIUM, &c. 

24. BRAZIL— PARAGUAY— BANDA ORIENTAL. 
26. CANADA— NEW BRUNSWICK— NOVA SCOTIA. 

26. CHILI— ARGENTINE REPUBLIC— SOUTH BOLIVIA. 

27. CHINA— Islands of Chusan—Araoy— Hong-Kong. 

28. COLUMBIA— PERU— VENEZUELA— NEW GRENADA— EQUATOR, 

&c. 

29. CONTINENT of CENTRAL EUROPE. 

30. DENMARK. 

31. EASTERN ISLANDS— BIRMAH— Island of LabtiaSi ftc. 
32 EGYPT. 

33! ENGLAND (NORTH PART). 
34. ENGLAND (SOUTH PART). 
86. EUROPE. 
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Genebal Atlas op the Wokld— Continued. 

36. FBANCE in DEPARTMENTS (NORTH PART). 

37. FRANCE in DEPARTMENTS (SOUTH PART). 

38. FRANCE In PROVINCES. 

39. GERMANY (NORTH PART). 

40. GERMANY (SOUTH PART). 

41. GREECE— Ionian Ulands. 

42. HOLLAND. 

43. IRELAND in COUNTIES (NORTH FART). 
. 44. IRELAND in COUNTIES (SOUTH PART). 

45. IRELAND in PROVINCES. 

46. ITALY (NORTH)— Environs of Rome. 

47. ITALY (SOUTH)— Midta and ita Dependencies. 

48. INDIA in POLITICAL and MILITARY DIVISIONS. 

49. INDIA in REVENUE^ DIVISIONS. 

60. MEXICO— 6UATIMALA— TEXAS. 

61. NEW ZEALAND— WESTERN AUSTRALIA— VAN DIEMEN*S LAND. 
52. PALESTINE— The Peninsula of Mount Sinai. 

68. NORWAY, SHEWING the PHYSICAL FEATURES of the COUNTRY. 

64. PAUL'S, ST., TRAVELS— The Journeyiugs of the Israelites, &c. 

65. PERSIA, CABOOL—Beloochistan— Bokhara. 

66. PRINCE EDWARD'S ISLAND. 

67. PRUSSIA. 

68. RUSSIA in EUROPE (NORTH PART). 

69. RUSSIA in EUROPE (SOUTH PART). 

60. SCOTLAND (NORTH PART)— Orkney Isles. 

61. SCOTLAND (SOUTH PART)— SheUand Isles. 

62. SPAIN (EAST PART)— Gibraltar. 

63. SPAIN (WEST PART)— PORTUGAL. 

64. SWEDEN and NORWAY. 

65. SWITZERLAND. 

66. TURKEY in ASIA— Ruins of Babylon. 

67. TURKEY in EUROPE— Candia— The Bosphorus. 

68. UNITED STATES— (NORTH PART). 

69. UNITED STATES (SOUTH PART). 

70. STATES of NEW YORK-VERMONT, NEW HAMPSHIRE, RHODE 

ISLAND, MASSACHUSETS, and CONNECTICUT. 

71. STATES of KENTUCKY and TENNESSEE. 

72. WEST INDIES— Yucatan. 

73. WORLD. 

74. WORLD on MERCATOR'S PROJECTION. 

75. WORLD as KNOWN to the ANCIENTS. 

76. WORLD — Principal (Countries of the Ancient World, with the Roman and 

Persian Empires. 

" For scientific accuracy, facility of reference, beauty of execution, and mo- 
deration in price, we have met with no similar work that can compare with this 
▼ery useful, elegant, and enterprising publication.*'— (?/ajff(m; Herald. 

"We are now in possession of an 'Atlas' which comprehends every discovoy 
of which the present century can boast. Not a village or a rivulet rendered 
famous by victory — not a single hamlet jotted down in the itinerary of the ad- 
venturous traveller— not a single spot which theodolite or aneroid barometer 
could determine with accuracy, has been omitted in the maps. They are each 
and all very beautiful models of completeness, and may be consulted without 
the slightest chance of the student's oeing misled. Nor is this all. In addi* 
tion to the mere enumeration of localities and the establishment of their posi- 
tions, positive and relative, the ' Atlas' supplies a body of Information of scarcely 
less importance to the traveller, and of great value to the general reader. Seve- 
ral pages of the Statistics of States are given in a happy style of condensation ; 
and following these are Barlow's Chart of Magnetic Curves of equal variations 
a chart (most interesting) shewing the mean annual temperature of the di&rent 
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GsNEBAL Atlas op thb World — ConHnued, 

partt of the earth's surface; plates exhibiting the relative heights of mountains, 
and leneth and coarse of rivers, and a section of Humboldt's distribution of plants 
in Equinoctial America, according to elevation above the level of the sea; each 
of the Charts constituting invaluable contributions to Physical Geography. To 
crown the whole, there is a superb index upon the most approved plan, with a 
fliithful enumeration of latituaes and longitudes. This * Atlas' oueht at once 
to supersede all other works of the kind, and we earnestly recommend those who 
are entrusted with the duty of education to accent it as their standard of cor- 
rectness. No one, either in pursuit of truth on nis own account, or attempting 
to direct the inquiries of others, will hereafter have any excuse for going astray." 
— United Service Gtuteite. 



SCHOOL ATLAS— New Edition. With the princi- 
pal Maps required for Instruction in Physical, Ancient, and 
Scripture Geography. A Series of Thirty-seven Maps, by W. 
Hdohbs, F.R.6.S., late Professor of Geography in the College 
for Civil Engineers, Sidney Hall, and John Bartholomew : 
with an Index of Names, exhibiting the Latitude and Longitude 
of places, and reference to the Maps. Royal 4to or 8vo, half- 
bound, lOs. 6d. 

LIST OF MAPS. 

PHYSICAL GEOGRAPHY. 

CHIEF PHISIGAL FEATURES of the WORLD— Currents of the Ocean- 
Distribution of Rain, Snow, and Winds. 

ETHNOGRAPHY— Distribution and Varieties of the Human Race— Prevailing 
Religions — Population and Languages. 

Z00IX)6T— Distribution of the Principal Members of the Animal Kingdom— 
Of Animals in a Vertical Direction— Of the Principal Birds. 

BOTANY— Distribution of the Priacipal Plants— The Region of the Cultivation 
of the Tea, Su{car, Coffee, and Cotton Plants. 

COMPARATIVE VIEW of the PRINCIPAL MOUNTAINS and RIVERS. 

The STARS— Northern Celestial Hemisphere. 

The STARS— Southern Celestial Hemisphere. 

The SOLAR SYSTEM— Comparative Size of the Planets, and their Distance 
from the Sun — Comparative Size of the Sun as seen from the Planets, 
&c. 

THEORY of the SEASONS— Eclipses— Phases of the Moon— Mariner's Com- 
pass — Twilight and Dawn — Theory of the Tides, &c. 



WORLD in HEMISPHERES. 

EUROPE. 

ENGLAND and WALES. 

SCOTLAND. 

HIGHLANDS of SCOTLAND, shewing 
Territories of the Clans. 

IRELAND. 

FRANCE and SWITZERLAND. 

HOLLAND and BELGIUM. 

SWEDEN, NORWAY, and DEN- 
MARK. 

RUSSIA and POLAND. 

PRUSSIA and WESTERN GERMANY. 

AUSTRIAN EMPIRE. 

TURKEY in EUROPE, and GREECE. 



ITALY. 

SPAIN and PORTUGAL. 

ASIA. 

TURKEY in ASIA, GEORGIA, and 
PART of PERSIA. 

HINDOSTAN and PART of AFGHA- 
NISTAN. 

AFRICA. 

AFRICA (NORTH PART). 

AFRICA (SOUTH PART). 

NORTH AMERICA. 

UNITED STATES and CANADA. 

SOUTH AMERICA. 

WEST INDIES. 

AUSTRALIA, NEW ZEALAND, ke. 
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School AxLAS—Contmuecf. 
ANCIENT AND SCRIPTURE GEOGRAPHY. 

WORLD as KNOWN to the ANCIENTS. 

PALESTINE, with its Ancient Divisions, and the Peninsnia of Mount SinaL 

LOWEB EGYPT, and Journeys of the IsraeUtes. 

COUNTRIES EMBRACED WITHIN the TRAVELS of ST. PAUL. 

" The best Atlas of Modern Geography that has vet fallen in our way ; it is 
at once a duty and a pleasure to recommend iir-^EngVuh Journal of Mu- 
eation, 

BEGINNERS' ATLAS— A Series of Twenty-Seven 

Coloured Maps of the Principal Countries in the World. In ob- 
long 12mo, price 2s. 6d. cloth; 28. in paper cover. 

ATLAS PF AUSTRALLA. ; with all the Gold Re- 

fions. A Series of Maps from the latest and best authorities, 
n 4to, doth, price 5s. 

Contents. 

I. 6ENEBAL MAP of AUSTRALASIA, New Zealand, Polynesia, and Sur- 
rounding Islands, 
n. AUSTRALIA— Divided into Districts, 
in. NEW SOUTH WALES, VICTORIA, and SOUTH AUSTRALIA, shewing 

the different Gold Deposits. 
IV. NEW SOUTH WALES-Divided into Counties, with all the Oold Deposits 

accurately laid down, and aPlan of Sydney. 
V. VICTORIA^Dividcd into Counties, with all the Gold Districts accurately 

laid down, and a Plan of the Mount Alexander Gold Region. 
YI. NEW ZEALAND, VAN DIEMEN'S LAND, and the settled portion of 
Western Australia, comprehending Swan River and Australind. 

" The possession of these Maps will be neces;^ to the clear understanding 
of friends^ letters, newspaper narratiyes, and trarellers' reports; and therefore 
they should be placed upon the table in every house, for instant reference when 
required. They are beautifully engraved." — Gritic. 

" These Maps really leave nothiufr to be desired ; they are singularly perfect 
specimens of the art, and we confidently recommend them for general use." — 
Morning Post. 

COUNTY ATLAS OF SCOTLAND.— Containing 

Maps of all the Connties, in their Parochial and District Divi- 
sionSy with the Railways, places of Historical and Legendary 
Note, Memoranda of Battles and former Boundaries ; a General 
Map of Scotland ; and a Series of Eight Historical Maps, exhi- 
biting the Geography of the Country from the 1st to the 19th 
century. To which are added, Descriptions of Scotland and 
each of the separate Maps, and a complete Index to all the Pa- 
rishes, showing respectively their Population, the Couiaty, Pres- 
bytery, and Synod in which each is situated, and the Post-Town. 
Quarto, coloured, 21s. cloth. 



12 A. AND C. black's CATALOGUE. 

BLACICS PICTURESQUE TOURISTS' 6UIDE8. 

IN POBTiaiUS yOLUMES, ILIiUSTRATBD BT MAPS, GHABT% AND 

NUMSROUS KHGRAYINGS. 

*' Tft«f skomlijimda eonur in HU pofi&uaU^au pf «*ery jMnwi okNtf to •»• 
derUUtt a journey «f pUoiwre or kutmoij eitker m SmfUmdand Walu or Soot' 
land:*—iaka BnU. 

** Th9 most valuaUe series of Fietnresque QtAde Books issued bg Messrs. 
BUtk of Bdinkurgk. We kaoe looked aan^lf tkrouffk tke voktmes; Miy arc 
adnmtlofy ^got vp ;* tke descriptions are oecurote, and rewuarkakfy dear and com' 
prekensive. Altogetker tke series of works is of i$nmense twine to tourists." — 
Art Journal. 

" nese works are alltkat could he desired. Copious in mil kinds ef imfmma 
tiouy elegant in style^ most ieautifiiUu ittnstrated, and furmskedwUk egedtent 
mapSt tkeyfvrm just tke rigkt sort of comtpaaions for tke road. We commend 
tkem, therefore, to tke patronage of tourist and traoeller, and kope tkat tiftg wiU 
soon entirely supersede those otder * guides' whiek were too often a wure compound 
of rant and MO<«(um."— Witness, September 17. 1863. 

** Tke Qutde-Books of tkese publishers kave thready commtnied tkemssloetsmo- 

ees^uUy to the tramller^ ky their aeeuraeyt oomprekensieettesStand,-^^-' 

ran^MMn^"— Atlas, Angnst 1868. 



ENGLAND AND WALES.— Third Edition. Cor- 

rected and Improved. Containing a Greneral Travelling Map, 
with the Roads and Railways distinctly laid down, besides Sec- 
tions of the more important Districts on an enlarged scale, and 
Engraved Charts of Roads, Railroads^ and Interesting Localitiea. 
lOs. 6d. doth. 

*' A carefully ezecated work, prettily illustrated, with useful Maps."— 
Atkmuatm. 

ENGLISH LAKES. — Including an Essay on the 

Geolo^ of the District, by John Phillips, F.R.S.G.L., Professor 
of Geology in King^ Coliege, London. With a minutely ac- 
curate Map, by W. Hughes; Charts of the Lakes^ by Sidney 
Hall; Views of the Scenery by various distinguished Artists; 
and an ample Itinerary of all the Routes, with the distancfls 
accurately laid down. Fifth Edition, greatiy enlarged and im- 
proved. In a neat pocket volume, 5s. doth. 

" This Guide to the Lakes has been cosipiled upon the saaae etebomte 
plan (as the Picturesque Tourist of Scotland), governed by the same resotn- 
tion to spare no cost or trouble to achieve a successfol result. It needs no 
higher commendation. It is a Picturesque Guide in every sense— its de- 
scriptions are charmingly written — its intelligence is amnle and minute— 
and its illustrations are admirable spedmeus of ut^-^Attas. 

WALES, NORTH AND SOUTH, AND MON- 

MOUTHSHIRE. Containing minutely Engraved Travelling 
Maps, Charts of the Railways, a Chart of the Coarse of the 
River Wve, numerous Views of the Scenery engraved on Wood 
and Steel, and a copious Itinerary. In a neat pocket volume, 5s. 
cloth. 

" A very dear and complete Guide to the beauties and interesting ob- 
jects of the Principality. With this volume in his hand, the traveller may 
thread Wales in all directions ; leamii^E what to see, and how to see it."— 
Spectator. 
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Picturesque Tourists' Guides — ConSmwd^ 

SCOTLAND.— Tenth Edition. Containing an accu- 
rate Travelling Map ; Sixteen Engraved Charts of Roads, Bail- 
roads, and Interesting Localities (including Plans of Edinburgh 
and Glasgow) ; numerous views of the Scenery on Wood and 
Steel ; and a copious Itinerary. 8s. 6d. doth. 

HIGHLANDS AND ISLANDS OF SCOTLAND. 

— Third Edition. Including Orkney and Zetland; descriptive 
of their Scenery, Statistic^ Antiquities, and Natural History; 
with numerous Historical and Traditional Notices; Map, 
Tables of Distances, Notices of Inns, and other information for 
Tourists. By George and Peter Anderson of InvemesSb lOs. 
6d. cloth. 

TROSACHS. — Loch Catrine, Loch Lomond, and 

Central Touring District of Scotland. Witii numerons Hlustra- 
tions by Birket Foster, 5s. 

" This is not only a gtddeto theTrosat^ )of Scotfs ' Lady of the Lake,' 
but to aJl the interesting spots in the vicinity, and on the road to them, 
begmuing with Stirling. It is a good guide to an interesting conntryj fnl], 
dear, and precise in its directidns, and capitally illustrated with sniritea 
cnts. The lettor-press, moreoyer, is a moael for the manner in which it 
deals with anecdotes and historical facts or associations. There is enough 
done to excite the reader's interest hj informing his mind as regards past 
events, hut stopping short of over-doing. The style in which the illustra- 
tive matter is told is fresh and spirited ; that of a man communicating 
what he intimately knows, not what he has read up for the oecasioit." — 

"Some of the ilhistrations in this pretty little Tolnme, from sketohes 
ti^en on the spot last summer by Mr. Birket Foster, the able illnstrator 
of Lonefellow's Toems^ Hyperion, and other works, are perfect little gems 
of wood-engraving. It is quite evident that the Messrs. Black have spared 
neither labour nor expense to produce a perfect guide for the tourist, and 
which shall at the same time serve as a memorial of the localities of this 
l^ed and most frequented part of Scotland. Its literary merits are of a 
very high order; the descri|>tions are at once simple and concise, the ne- 
cessary travelling information laudably minute. Ko pedestrian shoidd 
venture on the tour without it ; and those ' who ride on horseback or in 
chariots,' will save both time, trouble, and money, by making this little 
volume their constant companion." — Mlas. 

EDINBURGH— with a Description of the Environs. 

niustrated With a Plan of the City; a Map of the Country Ten 
Miles round ; and Twelve Views of the Public Buildings and of 
the Neighbouring Scenery. Eighth Edition, enlarged and im- 
proved. In a neat pocket volume, 2s. 6d. 

** This little book should be in the hands of eveiy stranger who desires 
to be familiar with all that is remarkable in the AutiquitieSt lustitutioiis, 
and Public buildings of Edinburgh."— ^Sto^muNi. 
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RELIGIOUS WORKS. 



By Bey. William LnmsAT Alexakdsb, D.D., Author of the 
Connection and Harmony of the Old and New Testamenta, 

CHRIST AND CHRISTIANITY : A Vindication 

of the Troth of the Christian Beligion, groonded on the HiatorU 
cal Verity of the Idfe of Christ Fcp. Svo, 4s. doth. 



By Samuel DAviDsoir, D.D., Author of "Ecclesiastical Polity 
cxf the New Testament," Svo ; ** Introduction to the New Tes- 
tament" 8 vols. 8yo; "Sacred Hermeneutics Devebped 
and Applied," 8to» &c. 

A TREATISE ON BIBLICAL CRITICISM. Ex- 
hibiting a Systematic View of that Science. 2 vols. 8vo, 28b. 
cloth. 

" Any one desfroas of becoming aoquidnted with the history of the text 
of oar Scriptures with the present state of Scripture critidsni, and the 
difficnities that lie in the way of rectifying mistakes that have crept into 
the text— in short, with what aritidsm is, what it has done, what it ex- 
pects yet to do, and the materials with which it has to worfc— to tcav one 
desirous of knowing these things, and what student of the Bible h not 
desirous of knowing something of them ? Dr. Davidson's Treatise on 
Biblical Criticism is just the work we would recommend. It is truly a 
systematic riew of the sdence. One feature of the work, partiadarly 
Talnable to jroung students, we mnst not omit to point out, namely, the 
mention of those departments where careful research may be expected 
to be productive of important results. Dr. Davidson has omitted no op- 
portunity of helping those who may be honourably ambitious of adding 
something to the accumulation of facts on which iS based the science of 
Biblical Criticism. We have much pleasure in commending these vo- 
lumes to the notice of those for whose benefit they are intended, and in 
expressing the hope that the author may be spared to do modi more in 
this his fiEivourite department" — Witneu. 

^'The student may thus the more appreciate the labours of Dr. Da- 
vidson in these volumes, which are a highly important oontribution to 
the study of Biblical Criticism, containing, as they do, a carefhl statement 
of focts and results, such as is not to be foand on the subject elsewhere 
in the English language."— Jfoj^c^ i?tfvi«w, March 1863. 

"Dr. Davidson's work contains a great mass of highly valuable infor- 
mation, collected and condensed with the care which marks the whole 
work. But we have said enough to accomplish our object, which is not 
to give an epitome of these volumes, but to do our best to recommend 
them to^onr readers."— /owniaf of Sacred £t jcra^nr^, April 1868. 
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Rbuoious Works— Cofi^wucecZ. 

WORKS BY JOHN KITTO, D.D. 

A CYCLOPEDIA of BIBLICAL LITERATUEE. 

Edited by John Kitto, D.D.,F.S. A.,£ditor of "The Pictorial Bibl^" 
&c &c. Assisted by numerous able Scholars and Divines, Bri- 
tish, Continental, and American, whose Initials are afSxed to 
their respective contributions. Illustrated by Maps, Engravings 
on Steel, and 554 E^igravings on Wood. In two thick volumes 
8vo, £3, doth. 

" It is not too much to lay. that this Cyclopeedia sarpasaes every Bi- 
Uioal Dictionary which has preceded it, aiid that it leaves nothings to be 
desired in such a work, which can throw light on the oriticism, inter- 
pretationf history, geonraph^, archeology, and physical sdenoe of the 
Bible. It is beaatifuily printed, and is illustrated with fourteen en- 
gramgs of maps and views, besides more than fire hundred well-executed 
woodcuts of subjects calculated to elucidate the Holy Scriptures." — 
Home's Introduetioii to the CriticiU JnalyaU of the Scripturei, Ninth Edi- 
tion, Vol. T., p. 437. 

" In the Cyclopiedia before us, we recognise the closeness of the con- 
neetion between tne Scriptural and profane subjects of the ancient world ; 
the learning and ability with which the one class is made to tlirow light upon 
the other ; the industrv with which obsolete usages are again restored to 
the knowledge of mankind ; the acute criticism which is made to bear on 
the most disputed forms and thin^ of revelation ; and the extraordinary 
illUBtration which the most recondite subjects receive at the hands of the 
Contributors." — Athenaeum. 

A POPULAR DICTIONARY OF THE BIBLE. 

In a beautifully printed volume, lUunnited by 336 EngmvifigB 
on Wood. 8vo, lOs. 6d. cloth or half-bound calf. 

ILLUSTRATED HLSTORY OF PALESTINE.— 

A New Edition, with Map, and upwards of 200 Illustrations. 
Small 8vo, 6s. clotli ; 68. 6d. cloth, gilt edges. 

" No expense seems to have been spared in the getting up of this volume, 
which will be found not only a most useful companion to the sacred vo- 
lume, from the compactness and comprehenaiveneas of its numerous de- 
tails, but an attractive as well as valuable present to the young." — Bri- 
tomta. >^ 

** We have placed this among the gift-books, because it ought to be one, 
so profusely is it^illustratcd. The season wilt not produce a more usdful 
prize book than this."— CVi^ic. 

SCHOOL HISTORY OF PALESTINE. From the 

Patriarchal Age to the Present Time ; with Introductory Chap- 
ten on the Greography and Natural History of the Country, and 
on the Customs and Institutions of the Hebrews. With Ques- 
tions for examination by Alexander Reid, LL.D., Rector of the 
Edinburgh Institution. 12mo, 3s. 6d., or with Map of Palestine, 
48. bound. 

" Beyond all dispute it is the best historical compendium of the Holy 
Land, from the days of Abraham to those of the late FaSha of Egypt, Me- 
hemet Aii.*' — Observer. 

" Not only a complete description of the Holy Land, but a condensed His- 
tory of the Jewish People. * * * On the whole, this ably compiled and 
elegant manual is well calculated to assist the young in obtaining a right 
nndentanding of Holy Scripture, and to impart a life-hke interest to their 
stndr of the sacred volume.'*— JbAn BulL 
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Belioiotjs Wobks — CcnHnued, 

Edited^ and with Life, by Bey. Dr. Guthbus, MiniBter of Free St. 

John's, Edinburgh, 

THE CHRISTIAN WORLD UNMAS:^D. A 

New Edition. 12mo, cloth, 2s. 6d. ; gilt edges, 3s. ; sewed, 28. 

" This is a beautiful reprint of a highly esteemed work, well worthy 
of the handsome dress in which it now appears, and of the appropriate 
introduction which Dr. Guthrie has given to it. His brief memoir or John 
Berridge brings out the peculiarities and excellencies of the ^|Ood vicar of 
Everton in a manner which shows how weU he could appreaate his cha- 
racter. We cannot but fancy Br. G., himself a man of kindred genius^ 
must enter with peculiar relish into the original and striking, but often odd 
and grotesque modes of thought in which his author indulged. At any 
rate he has done ample justice to him, and has well fulfilled his task in his 
condensed memoir of Mr. Berridge. This excellent volume has ofiir hearty 
reoommendatioD." — CongregaOondl MagcteUu, Feb. 1863. 



WORKS by ftichard Whately, D.D., Archbishop of 

Dublin. 

Elements of Logic and Rhetoric, crown Svo, each 4/6 

Easy Lessons on Reasoning 1/6 

Easy Lessons on Money Matters 1/0 

English Synonyms , 3/0 

Historic Doubts Relative to Napoleon Bonaparte 2/0 

Lectures on Political Economy 8/0 

Characters of our Lord's Apostles , 3/6 

Scripture Revelations respecting Good and Evil Angels 3/6 

Scripture Revelations respecting a Future State 6/0 

On some of the Peculiarities of the Christian Religion 7/6 

On some of the Difficulties in the Apostle Paul's Writings 8/0 

On the Errors of Romanism 7/6 

On some of the Dangers to Christian Faith 10/0 

Use and Abuse of Party Feeling in Religion 12/0 

Charges and Sermons on various Subjecte, each 12/0 

Thoughts on Church Government 1/0 

Reflections on a Grant to a Roman Catholic Seminary 1/0 

Dangers of Divisions within the Church 1/0 

Infant Baptism Considered 2/0 

Thoughts on the Sabbath and Sabbath Observance 1/6 

Search after Infallibility 1/0 

Christian Saints of the New Testament 1/0 

Preparation for Death ^. 0/4 

Introductory Lessons on Christian Evidences 0/6 

Introductory Lessons on History of Religious Worship 2/0 

Cautions for the Times 7/6 
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Religious WoBxs^CantmuecL 
By the Rev. W. S. Gilly. D.D., Author of the "Waldeniian 

VALDENSES, VALDO, AND VIGILANTIUS. 

Post 8vo, Is. 6d. 

" An eloquent account, from personal obBerration, of that small com- 

fmunitv of Protestants, who, in tlie secluded valleys of the Cottian Alpa, 

have, for manv centuries, maintained the purity of their faith and worship. 

and kept up the fire of their vestal church, in the midst of privations and 

persecutions not yet extinjpushed." — Quarterly Review, 



MEDICAL AND SURGICAL WORKS. 

By Robert Christison, M.D., Professor of Materia Medica in 
the University of Edinburgh. 

A DISPENSATORY OR COMMENTARY ON 

the PHARMACOPCEIAS of GREAT BRITAIN, comprising 
the Natural History, Description, Chemistry, Pharmacy, Actions, 
Uses, and Doses of the Articles of the Materia* Medica. New 
and improved Edition, with a Supplement, containing the most 
important New Remedies which have come into generu use since 
the pHblication of the last Edinburgh Pharmacopceia in 1841. — 
8vo, 20b. doth. 

"We earnestly recommend Dr. Christison's Dispensatory to all our 
readers, as an indispensable companion, not in the Study only, but in the 
' Surgery' also. — Brit, and For. Med. Review, 

By the same Author, 

A TREATISE ON POISONS. In relation to Me- 

dical Juris^mdence, Phvsiology, and the Practice of Physic. 
Fourth Edition, enlarged, corrected, and improved. 8vo, lOs. 
doth. 

By the same Author, 

ON GRANULAR DEGENERATION OF THE 

KIDNEYS, and its Connection with Dropsy, Inflammation, and 
other Diseases. 8vo, 8s. doth. 

*' The illustrative cases, thirty-one in number, are narrated with Dr. 
Christison's usual clearness, and, like the rest of the work, are highly in- 
structive. We strongly recommend this book to our readers."— XonfJOM 
Medical Gazette. 



By James Killer, F.R.S.E , Professor of Surgery in the Uni- 
versity of Edinburgh, &c. &c., 

THE PRINCIPLES OF SURGERY. Third Edi- 
tion, illustrated by 240 Wood Engravings, 16s. doth. 

" An admirable epitome of the surgical science of the day. Being writ- 
ten by a sound practical surgeon, accustomed to the public teaching of his 
science, it has that clearness of diction and arrangement which renders it 
an excellent manual for the student, as well as that amount of scientific 
and practical information which makes it a safe and valuable guide to the 
practitioner."— ZfAftee^. 
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Uedical asu Suboicai. WoKKB—Centmued. 
By the same AnUmv 

THE PRACTICE OF SURGERY. New Edition, 

iUiutrated by 237 Wood Engravings. 8vo, 168. doth. 

'*We have no IieaiUti<m in stating, that the two volomes form to- 
getbw a more complete text-book of surgery than any one that has been 
boetofixe offered to the student.**— JVor^A^ni Journal ofMe^dne. 



By Professor Sir George Baujnoai^l, 

OUTLINES OF MILITARY SURGERY. New 

Editioii (the 4th), with numerous Illastrations. 8vo, lis. doth. 

" The Aathor has ooOected and arranged the whole of ttie estahHahed 
fiMta, he haa added the result of hi« own experience, and executed a Sys- 
tem of Hilitaiy and Naval Sunrery of ineaiimable value to those engaged 
in the practice of that branch of the healing aii.**—Lo»d. Med. and Smrg, 



By Samuel Coopkb, Senior Saigeon to the Uniyennty College 
Hospital, London, Professor of Surgery in the same College, 
Suigeon to the Queen's Bench, &c &c &c., 

A DICTIONARY OF PRACTICAL SURGERY. 

Comprehending all the most interesting improvements from the 
earliest times down to the present peri<^ ; an account of the In- 
struments and Remedies employed in Surgery ; the etymology 
and signification of the principal Terms ; and numerous Refer- 
ences to ancient and modem works, forming a catalogue of Sur- 
gical Literatnre, arranged according to subjeets. I^e Seventh 
Kdition, revised, ooiTe<ied, and enlarged. Svo^ 308. doth. 

By David Csaioie, M.D., F.R.S.E., &c &c, 

ELEMENTS of GENERAL and PATHOLOGICAL 

ANATOMY. Presenting a view of the present state of know- 
ledge in these Branches of Sdence. The Second Editioi), en- 
laij^Bd, revised, and improved. 8vo, 24s. cloth. 

** A work of great value, and one which does preet credit to the AvQunr'B 
emdition and laborious research.'* — London Medical OaaetU, 

By the same Author, 

ELEMENTS of the PRACTICE of PHYSIC. Pre- 

senting a View of the present state of Special Pathology and 
Therapeutics. 2 vols. 8vo., 208. cloth. 

** We era inclined to regard Dr. Craiprie's Elements as the best we at 
pieseat poi ses s."— Joaioa Medical QazUte, 

By the same Author, 

ELEMENTS OF ANATOMY, General, Special, 

and Comparative. With Fourteen Engravings. 4to^ 128. doth. 
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Medical akd Subgical Wobks — Coidkmed. 
HOOPER'S PHYSICIAN'S VADE MECUM ; or, 

A Mannal of the Principles and Practioe of Physic. Fourth 
Edition, considerably Enlarged and Improved. With an Outline 
of Graeral Pathology and Therapeutics. By WiUiam AognatUB 
Guy, M.B. Cantab. 12mo, 129. 6d. cloth. 



By Dr. Framfton, 

THOMAS— Practice of Physic. New Edition. 2 

▼ols. Svo, 28s. cloth. 



By Alexaitder Magaulat, M.D., Fellow of the Boyal College 
of Surgeons in the University of Edinburgh, and rhysician- 
Acooucheur to the New Town Dispensary, 

A MEDICAL DICTIONARY. Designed for Popu- 
lar Use ; containing an Account of Diseases and their Treatment, 
indnding those most frequent in Warm Climates ; with Phrec- 
tions for Administering Medicines; the Regulation of Diet and 
Begimen ; and the Management of the Diseases of Women and 
Children. The Eleventh Edition, enlarged, corrected, and iv- 

E roved. Dedicated by permission to the late Dr. Abercrombie. 
a one thick volume 8vo, double columns, 12s. doth. 
*' Just ancfa a work as e?«rj head of a family ought to have on his book- 
ihelf."— ^fvAton Herald, 



NATURAL HISTORY, SCIENCE, AND ART. 

By James D. Forbb», D.C.L., F.R.S., Sec. R.S., Edin., Cor- 
responding Member of the Institute of France, and of other 
Academies^ and Professor of Natural Philosophy in the 
University of Edinburgh. 

NORWAY AND ITS GLACIERS, Visited in 1851. 

Followed by Journals of Excursions in the High Alps of Dau- 
phine, Berne, and Savoy. With two Maps, ten Lithograpluc 
views printed in colours by Day and Son, and twenty-two 
Wood Engravings. Roy^ 8vo, 2 Is. cloth. 

''This is one of those books which we need not blush to present to 
fozn^ philosophers and men of learning, as a specimen of the Uteratnre 
of science iB England." — Examiner. 

" It forms one of the most valuable contributions of modem science to 
the knowledge of the physical geography of the globe/'— /oA» BtM, 

" The high literary powers of the author, exhibited iu this as in his 
other productions, wul secure to it a reputation in Europe beyond that 
which usually falls to the lot of scientific publications.'^— ^M^tiw^ 
Review. 

"The researches of Professor Forbes hare added, as might be expected, 
to our knowledge of the Physical Qeographjr of Norway. He has pene- 
trated into its mountain-ranges in parts which had not before been ex- 
ulored by scientific visitors; and the result was, the observation of many 
facts of considerable importance in geological tdiencef'-Mheiutum. 



22 A. AKD C. black's CATAIjOGUIU 



Natubai* Hbiobt, Scdesck, asi> 
By the same Antlior, 

TRAVELS THROUGH THE ALPS OF SAVOY, 

and other parts of the Pennine Chain, with ObaerTati<Mis Cfn the 
Fhenomen& of Ghuaers. A Kew Edition, icYised and enlazged. 
Slnatnled by a Uige map of the Mer de Glace of Ghamooni^ 
lithographed Views and Flana^ and Engravings on Wood. 
Boyal 8to, 28s., or with the large Vmp coloured, in a case, 31a. 
6d.doth. 

<*T1iit dabonte aad benitifBUT iQnstnted work.**— Qairicrfy 
" FR«naat with interest"— AliJiforyi Saiat. 



By J. H. Baltoub, M.D., F.B.S.E., Begins Keeper of the Boyal 
Botanic Garden, Professor of Medicine and Botany in the Uni- 
▼ersity of Edinburgh, &c. 

CLASS-BOOK OF BOTANY. Being an Introduc- 
tion to the Study of the Vegetable Kingdom. In one large Oc- 
tavo Yolnme^ with 1800 lUostzBtitMis. Price 31s. 6d. doth. 
The same may also be had in two parts. 

L Stbuctubai. and Morphological BoTAirr, 8to, 10s. 6d. 
II. Gomprising the Elements of Yeobtablk PHTSioiiOOT, 
GLASsmcATioir, Botakical Geogbapht, and Fossil 
BoTAirr, with a Glossary of Tenns. 8vo, 21s. 



By Sir David Brewster, LL.D., F.R.S., Corresponding Mem- 
ber of the Boyal Institute of France, &c &c 

A TREATISE ON MAGNETISM. Hlustrated by 

upwards of 100 Engravings on Wood, and a Chart of Magnetic 
Curves. Post 8vo, Ss. cloth. * 



By John Clerk, Esq. of Fldln, F.B.S.E., &c. 

NAVAL TACTICS— A Systematical and Historical 

Essay in Four Parts. Third Edition, with Notes by Lord Rod- 
ney, an introduction by a Naval Officer, and explanatory Plates. 
8vo, 258. doth. 
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Natural Histobt^ Science, aitd Art— ContmuedL 

By Augustine F. B. Creuze, Member of the late School of Naval 
Architecture, late President of the Portsmouth Philosophical 
Society, and Editor of the ** Papers on Naval Architecture.** 

SHIPBUILDING. Being a Treatise on the Theory 
and Practice of Naval Architecture. With 15 Engravings on 
Steel, and numerous Woodcuts. 4to, 128. cloth. 

" One of the best, because the dearest, and, at the same time, perfectly 
oompreheBtiTe disqaisitions on Shipbuilding, is contained in the Encyclo- 
psBdia Britannica."— Awrpooi Mail. 



By John Flemino, D.D., F.R.S.E., M.W. S., Profiassor of 
Natural Science in the New College, Edinburgh, &c. &c. 

MOLLUSCOUS ANIMALS— Including SheU-Fish. 
Containing an Exposition of their Structure, Systematic Ar- 
rangement Physical Distribution, and Dietetical Uses, with a 
reference to the Extinct Baoes. With Eighteen Plates, Post 
Sro, 68. cloth. 



By Thomas Galloway, M.A., F.R.S., late Secretary to the 
Royal Astronomical Society. 

A TREATISE ON PROBABILITY. Post 8vo, 

68. cloth 



By G. F. Gbahau, Esq. 
MUSICAL COMPOSITION. Being an Essay on 

its Theory and Practice^ with an Appendix and Notes, heinc an 
extension of the article ** Music.'* With numerous Engravmgs 
and copious Musical Illustrations interspersed with the text. 
4to, 98. boards. 

" A masterly and oomprehensive Essay." — Athetueum. 



By T. 0. Hansabd. 

PRINTING AND TYPEFOUNDING. Two 

Treatises. lUnstrated with Plates and Woodcuts. Post 8vo, 
28. 6d. doth. < 



By the late B. R. Hatdon and Willlam Hazlftt. 

PAINTING AND THE FINE ARTS. Post 8vo, 

68. cloth. 

"Mr. Hazlitt's dever httle Treatise, written for the Encyclopedia Bri- 
tannica, has come under our notice. We have read no work of that 
author with anything approaching to the same gratification."— QiMr^«rfy 
Renew. 
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PiOTUBESQUE TouBiSTs' GuWEa— Continued. 

GLASGOW, THE WEST COAST, AND LAND 

OF BURNS. Including Falls of Clyde, Bute, Arran, StaflTa, 
lona, dsc 2s. 6d. cloth. 

CHEAP EDITIONS— ONE SHILLING EACH. 

Thb Trosachs — Loch Catrine and Loch LomoHd. 

The Clyde and its Watebino Places, and Argtleshibe. 

Edutbuboh and Environs. 

English Lake District. 

Moffat and Vicinity.— Including the Grey Mare's Tail, Loch 
Skene, St. Mary's Loch, &c. &c., and Hints to Anglers in the 
Biyers, Streams, and Lochs in the Neighbourhood. 

THE TOURISTS' MEMORIAL OF SCOTLAND. 

. —A Series of Twenty Views of Picturesque Scenery and Cel&- 
brated Localities. 6s. cloth. 

This Series of Views presents delineations of some of the 
noblest prospects in Scotiand, by many of her most accomplished 
Artists. Among tiie subjects represented may be mentioned, 
Edinburgh, FERtH, Dunkeld, Roslin Chapel, and the 
Castles of Taymouth, Stirling, and Craigmillar. 

The List of Artists includes the names of LEITCH, HO- 
RATIO M'CULLOCH, D. O. HILL, MONTAGUE STAN- 
LEY, the REV. JOHN THOMSON, and others not less dis- 
tinguished in their several styles and departments. 

The Engravings are executed in the highest style of which 
the art is capable. W. Miller, Brandard, Willmore, For- 
rest, CousBN, and Bentley, are among the Engravers on Steel ; 
while jACKfiON, Landells, John Thompson, S. Williams, and 
Branston, have executed the Views on Wood. The price is 
unusually moderate, even at a time remarkable for the variety of 
cheap publications ; and the portability of its form recommends 
the work in a particular maimer to the attention of the passing 
traveller 

CELTIC ' ILLUSTRATIONS — Two Lithographic 

Prints representing Full-Length Figures of a Highland Chief- 
Clan Macdonell, and a Highland Piper — Clan Gregarich. From 
Paintings by R. R. M*Ian, Esq. Rice 8s. 6d. each, elaborately 
coloured. 

iThese drawings have been executed with strict regard to 
fidelity of Costume, and furnish very accurate and spirited repre- 
sentations of the Celtic Character and Garb. 



BLACK'S TRAVELLING MAPS. 

Carefully constructed from the Best Authorities. Coloured, lined 
with Cloth, and bound in portable Cases for the Pocket 

England and Wales, 82 inches by 22^. 4s. 6d. — 
Smaller size, 2s. 6d. 

Scotland, 32 inches by 22^. 4s. 6d. — Smaller size, 2s. 6d. 
Ireland. 20 inches by 14^. 2s. 6d. 
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Black's Tsayellino Mjlps— ^Continued, 

The Tourists and Sportsman's Companion to the Counties 
of Scotland, A Series of 36 Maps, with all the Roads, Railroads, 
Villages, Gonntry Seats, Fishing Streams, Rivers and Lake^ 
Places of Historical and Legendary Note, Memoranda of Battles, 
Heights of Mountains, the District and Parish DivisioxLs, Earl- 
doms and Lordships. Strongly bound in Leather. Price 
10s. 6d. 

Continent of Europe. 17 inches by 24. 4s. 6d. 

India. Including the Punjaub, Cabool, Scinde, Thibet, 
Ceylon, Singapore, &c 23 inches by 17}. 38. 

County Maps of Scotland. Is. each. 

English Lake District of Cumberland, Westmoreland^ ^c. 
19 inches by U. 2s. 6d. 

Wales — North and South, Compiled from the Maps of 

the Ordnance Survey. 14 inches by 11}. £ach Is. 6d. 

CHEAP EDITIONS ON PAPER, UNCOLOURED. 

England^ Is. Scotland, Is. Ireland, Is. Wales, Is. 
Lake District, 8d. Central Scotland, Is. 



Black^s Iron Highways, or Hand-Maps of the Principal 
RaUtoays in England and Scotland. With the Connecting Lines 
of each, and Adjacent Country. £ngraved on Steel, in the 
minutest style of accuracy, with all the Towns, Villages, Coun- 
try Seats, Rivers, Streamis, Lakes, Mountains, Canals, &c., from 
the most recent authorities. — One Penny each, 

1. Gbbat- Western — London to Bath, Bristol, Exeter, and Ply- 

mouth. 

2. South- Western— London to Chobham Camp, Southampton, and 

the Isle of Wight 

3. North- Western — London to the Potteries, Liverpool, Manches- 

ter, Preston, and Lancaster. 

4. Lancaster and Carlisle, Kendal Junction, and Lake Dis- 

trict. 
6. Caledonian — Glasgow and Edinburgh to Carlisle, &c. 

6. Great Northern — London to York, Hull, &c. 

7. Midland — York to Birmingham and Rugby, &c. &c. 

8. York, Newcastle, and Berwick. 

9. North British — Edinburgh to Berwick-on-Tweed, &c. 

Complete, Bound in Cloth, with Descriptions, Is. 6d. each. 

1. London and the North-East.— By Great Northern, Midland, 

York, Newcastle, and Berwick, and North British KaUways. 

2. London and the North- West. — By the North- Western, I^n- 

caster and Carlisle, and Caledonian Kailways. 
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Nathkal Histobt, Sgiekoe, and Art — Continued. 

By John Soott Russbli^ M.A., F.R.S.E., Yioe-President of 
the Society of Arts of Scotland. 

A TREATISE ON THE STEAM ENGINE. 

Illustrated by 248 Engrayings on Wood, and 15 Folding Plates 
on Steel. Post Svo, 5s. doth. 

" Host complete and circamitantial. .At the same time 

it is methodicaU^, clearly, and luminoosly written. Consideringr the number 
of iUostrations, it i^ a very cheap book ; and, as it explains all the modem 
improrements and applications, it cannot fail in being a boon which every 
mechanist and engineer will receire with much gratitude."*— 2!l« Surveyor^ 
BngvueTt and ArekUeet, 

By the same Author, 

STEAM AND STEAM NAVIGATION.— ATreatise 

on the Natore, Properties, and Applications of Steam and on Steam 
Navigation. Illustrated with upwards of 80 Engravings on 
Wooo^ and 15 Folding Plates on SteeL Post 8yo, 9s. cloth. 

" A work on Steam and Steam Navigation, in which science and inte- 
. resting information are equally combined." — Mechani(^s Magcunne, 



By William B. Scott. 
MEMOIR OF DAVID SCOTT, R.S.A.,containmg 

his Journal in Jtaly, Notes on Art, and other Papers. With seven 
Engravings. 8vo, 10s. 6d. cloth. 



By John Shaw, Drumlanrig. 

EXPERIMENTAL OBSERVATIONS ON THE 

DEVELOPMENT and GROWTH of SALMON FRY, from 
the Exclusion of the Ova to the Age of Two Tears. 4to, 2s. 6d. 
sewed. 



By the Author of " The Oakleigh Shooting Code." 

SHOOTER'S HAND-BOOK, being the Treatise on 

Shooting contained in the <*Rod and the Gun.** With Plates 
and Woodcuts. Post 8vo, 6s. doth. 



Edited by J. R. M'Culloch, Esq. 
THE WEALTH OF NATIONS. An Inquiry into 

the Nature and Causes of the Wealth of Nations. By Adam 
Smith, LL. D. ; with the Life of the Author, an Introductory 
Discourse, Notes, and Supplemental Dissertations. Fourth Edi- 
tion, corrected throughout, and greatly enlarged. With two 
Portraits. 8vo, 16s. doth. 
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Katural History, Science, and Abt— Continued. 

By Embbio Szabad, late Secretary under the Hungarian National 

Goyemment of 1849. 

HUNGARY, PAST AND PRESENT; the Chief 

Periods in its History from the Magyar Conquest to the Present 
Time ; with a Sketch of modem Hungarian Literature. Crown 
8vo, 78. ()d. cloth. 



By Thomas Thomson, M.D., F.R.S., late Professor of 
Chemistry in the University of Glasgow. 

TREATISES on BREWING and DISTILLATION. 

With Practical Instructions for Brewing Porter and Ales accord- 
ing to the English and Scottish Methocb. By William Stewart. 
With Engravmgs. Post Svo, 6s. cloth. 



By Thomas Stewart Traill, M.D., F.R.S.E., &c., Regius 
Professor of Medical Jurisprudence and Medical Police in 
the University of Edinburgh. 

MEDICAL JURISPRUDENCE ; being Outlines of 

a Course of Lectures. Second Edition. Post 8vo, 5s. cloth. 

By the same Author, 

PHYSICAL GEOGRAPHY. Post 8vo, 6s. cloth. 

** A most elaborate digpest of facts judiciously arranged, and^ as a geii»- 
ral exposition, perhaps the most complete that has yet appeared.** — Letdt 
Mercury. 



By Patrick Eraser Tttler, Esq. 

HISTORY OF SCOTLAND. Third Edition, 7 vols. 

demy Svo, £2:12:6, cloth. Also, — the Cheap Stereotyped 
Edition, in 9 vols, post Svo, price £2 : 5s. 

" The standard history of Scotland."— Quar^^y Betiew. 



By J. C. CoLQUHOUN, Esq., Advocate, Author of ** Isis Revelata.*" 
SOMNAMBULISM. Seven Lectures. Translated 

from the German of Dr. Arnold Wienholt With a Pfe&ce, 
Introduction, Notes, and an Appendix. Foolscap Svo, 4b, boards. 

" We recommend this Tolume to all who feel an interest in the subjects 
of which it treats. Both the Lectures of Wienholt, and the Notes, Appen- 
dix, fcc, of Mr. Colqnhoun, are replete with materials for thinking."— 
JoknBuU. 
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Natural History, Scibitcs, and Art— Con^tMcf. 

By James Wilson, F. R.S.E., M.W.S., he Author of the Treatiae 
on Angling in ** The Rod and the Gun." 

A VOYAGE ROUND THE COASTS OF SCOT- 

LAND and the ISLES. With a Map of Scotland, exhibiting 
the Tract of the Voyage; a Chart of St Kilda ; Twentv^ Etch- 
ings on Steel by Cnarles H. Wilson, A.R.S.A., trom (fetches 
daring the Voyage by Sir Thomas Dick Lauder, Bart ; and 
numerous Wood Engravings from the same Sketches, drawn by 
Montague Stanley, Prior, and Sargent, and engraved by Bran- 
ston, Landells^ and other artists. Two volumes, post 8vo, 10s. 
6d. cloth. 

By the same Author, 

THE NATURAL HISTORY OF BIRDS. lUus- 

trated with 135 Figures, beautifully engraved on SteeL 4to, 
128. boards. 

By the same Author, 

THE NATURAL HISTORY OF QUADRUPEDS 

and Whales. With upwards of 160 Figures, engraved on Steel, 
4to, 12s. boards. 

By the same Author, 

A GENERAL AND SYSTEMATIC TREATISE 

on Insects. With 540 Figures, engraved .on SteeL 4to» 158. 
boards. 

By the same Author, 

AN INTRODUCTION TO THE NATURAL HIS- 
TORY of FISHES. With 131 Figures, engraved on Steel. 
4to, 9s. boards. 



By Hknrt T. M. Witham of Lartington, F.G.S., F.R.S.E., &c. 

THE INTERNAL STRUCTURE OF FOSSIL 

VEGETABLES formed in the Carboniferous and Oolitic De- 
posits of Great Britain, described and illustrated. With 16 
Engravings, coloured. 4to, 21s. boards. 



By P. Kelland, A.M., F,R.SS.L. and E. &c, late Fellow of 
the Queen's College, Cambridge, Professor of Mathematics in 
the University of Edinburgh. 

ELEMENTS OF ALGEBRA. 8vo. 98. cloth. 

By the same Author, 

DEMONSTRATIVE MATHEMATICS. Being a 

Course of Lectures by P. Kelland, A.M., F.R.SS.L. and E., Pro- 
fessor of Mathematics in the Universi^ of Edinburgh. 12mo, 
4s. 6d. cloth. 
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SCHOOL B00K6. 
BRYCE — ^Elements of Algebra. By James Bryce, 

M.A., F.6.S., one of the Masters of the High School, Glasgow. 
Second Edition. 12mo, is. 6d., bound. 

CARSON — Exercises in Attic Greek, for the Use of 

Schools and Colleges. By A. R. Carson, LL.D., F.R.S.E., &c., 
and late Rector of the High School of Edinburgh. 12mo, 4b. 
bound. 

CARSON— Phaedri Fabulae, Augusti Liberti Fabula- 

rum ^sopiarum, quas oculis puerorum subjici fas est, libras 
quinque, cum indice verborum, phrasiumque difficiliorum An- 
glice redditorum. Edidit. A. R. Carson, LL.D., late Rector of 
the High School, Edinburgh. Editio Sezta. 18mo, 28. bound. 

DONALDSON— Modern Greek Grammar, for the 

Use of Classical Students; with a Sketch of Modem Greek 
Literature. By James Donaldson, M.A., Greek Tutor to the 
Edinburgh University. Crown 8vo, 2s. bound. 

GUNN — Rudiments of the Latin Language. By the 
late William M. Gunn, LL.D. Second Edition. 12mo, 2s. 
bound. 

HETHERINGTON— The History of Rome. By the 

Rev. W. M. Hetherington, M. A. With an account of the Topo- 
graphy and Statistics of Modem Rome. By the Rev. J. Taylor, 
M.A. 12mo, with a Map of Ancient Rome, 3s. 6d. bound. 

*^* Without suppressing those traditionary legends which 
are blended with the earlier records of Roman History, an at- 
tempt has been made in the present work to distinguish between 
Fact and Fable, and to make tibe latter subserve the important 
purpose of elucidating and of fixing in the memory those real 
events from which the fkbulous legends have arisen. 

KITTO— History of Palestine for Schools. From the 

Patriarchal Age to the nresent time ; with introductory chapters 
on the Greography and Natural Histonr of the country, and on 
the Customs and Institutions of the Hebrews. By John Kitto, 
D.D., F.S.A., Editor of the "Pictorial Bible,''^ &c With 
Questions for examination, by Alexander Reid, LL.D., Rector of 
the Edinburgh Institution. 12mo, Ss. 6d., or with Map of Pa- 
lestine, is. bound. 

LINDSAY— High School Vocabulary. By Samuel 
Lindsay, A.M., late one of the Masters of the High School, 
Edinburgh. 18mo, Is. bound. 
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School Books — CoiUinued, 
PORTEUS— A Summary of the Principal Evidences 

for the Truth and Divine Origin of the Christian JRevelation. 
By the late Beilby Porteus, D.D., New Edition by Dr. Boyd, 
of the High School, Edinburgh. 18mo, Is. bound. 

SCHMTTZ — Elementary Grammar of the Greek 

Language. By Dr. L. Schmitz, F.K.S.E., Rector of the High 
School, &c. &c. The Irregular Verbs are simplified by a System 
of Classification, and the Rules of Syntax contain all that is 
essential for a thorough knowledge of the Greek Language. 
12mo, 3s. 6d. cloth. 

SCRYMGEOUR— A Class -Book of English Poetry. 

Comprising Extracts from the most distinguished Poets of this 
Country, from Chaucer to the Present Time, with Biographical 
Notices, Explanatory Notes, and an Introductory Essay on the 
Origin and Progress of the English Language. By Daniel 
Scrymgeour, of Circus Place School, Edinbur^. l2mo, 48. 6d. 
bound ; or in Two Parts, price 28. 6d. each.— Part I. containing 
the Poets from Chaucer to Otway ; Part II. from Prior to Ten- 
nyson. 

** The best and compactest view of the subject wehaye Bwn.**— Spectator. 

" Did we beUeve in the attRinment of perfection, we ahotild pronounoe 
this the perfection of Poetical Class BoolkB."— Educational Tima. 

VEITCH — Greek Verbs, Irregular and Defective; 
their Forms, Meaning, and Quantity ; Embracing all the Tenses 
used by the Greek writers, with references to the passages in 
which they are found. By Rev. W. Veitch. 12mo, 68. cloth. 

*' Mr. Veitch, in the volnme before ru, has, with singular abilitj and 
industry, contribnted a most valuable addition to the hterature of this 
eooDtry, and of E\xra^.*'—l^ectator. 

" A monument of industry and research. • * * There cannot be a 
more asefol book for the Greek composer, whether in prose or in verse." 
— Athenceum. 

WALLACE — Conic Sections. A Geometrical Trea- 
tise on the Conic Sections ; with an Appendix containing For- 
mulae for their Quadrature, &c. By William Wallace, A.M., 
F.R.S.E., late Professor of Mathematics in the University of 
Edinburgh, &c. 4to, ^. sewed. 

TrXLER— -History of Scotland. By Patrick Eraser 

Tytler, Esq. Enlarged and Continued to the Present Time, by 
the Rev. James Taylor, D.D., and adapted to the Purposes of 
Tuition by Alexander Reid, A.M., LL.D., Rector of the Edin- 
burgh Institution. 12mo, 8s. 6d. bound. 
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School Books — Continued, 
GENERAL MODERN HISTORY. By Alexander 

Fraser Tytler, Lord Woodhouselee, late Professor of Umversal 
History m the University of Edinburgh. Continued to 1850 ; 
with a Chronological Table. 12mo, ds. bound. 

*^* This Edition of a work of |freat Educational utilit^r has 
been carefully revised, with the view of accommodating it in 
every respect to the purposes of tuition. It is printed in a new 
and distinct type, and is illustrated with a map of the world, 
which affords tne means of tracing the fluctuating boundaries of 
empires, and the localities render^ memorable bv warlike ope- 
rations, or by other important events in Modern liistory. 

GENERAL ANCIENT HISTORY. By Alexander 

Eraser Tytler, Lord Woodhouselee, late Professor of Universal 
History in the University of Edinburgh. With a Chronological 
Table and Map. 12mo, tSs. bound. 

*,♦ In this new Edition of Tytler's Elements of Ancient 
History, advantage has been taken of the recent discoveries and 
critical researches in the histories of Greece, Rome, and Egypt ; 
in consequence of which it became necessary to correct or en- 
tirely supersede a large portion of the original work. The same 
principle has been adopted in the account of the Hebrew Com- 
monwealth, which Tytler entirely omitted, and in the early 
history of others of the eastern nations. 



MISCELLANEOUS WORKS. 

BROWN — ^Views of Canada and the Colonists. Em- 
bracing the experience of an eight years' residence ; views of the 
present State, Progress, and Prospects of the Colony; with 
detailed and practical information for intending Emigrants. By 
James B. Brown. Second Edition, fcp. 8vo, 48. 6d. cloth. 

CAIRD — ^The Poor Law Manual for Scotland. A 

new Edition, the Sixth of, by Alexander M'Neel Caird, Esq« 
7s. 6d. cloth. To this Edition more than 150 pages of new mat- 
ter have been added. The "Supplement** has been incorpo- 
rated ; the " Principles'* (as well as the rest of the Contents) 
have been carefully revised, and upwards of Fifty Decisions, 
pronounced in the Court of Session and the Justiciary and Sheriff 
Courts, since the issue of the fifth edition, have now been reported, 

*«* The former Edition was thus noticed. 

" It is referred to by all the Judges in the Supreme and Inferior Clonrts 
of Scotland, as an excellent authority on questions connected with the 
Scottish Poor Laws. We hare derived much benefit fi-om it in its former 
editions ; and we advise all those who have to do with the administiution 
of the Poor Laws in Scotland to provide themselves with a copy." — Scot- 
tish Pom' Law Journal. 
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MlSCELLASBOUB WORKt — COMtMHied 

LIFE OF LORD JEFFREY. By Lord Cock- 
burn, one of the Jadges of the Court of Session. Second Edition. 
2 Yok. SvQ, 258. cloth. 

" Oar expectationf on taking np these Tolnmes were very high and 
they hftye not heen disappointed. The book contains a variety of excellent 
matter, and the letters of Lord Jeffrey will heighten the respect that at- 
taches to his name."— ^MeiMnim. 

" Taken altogether, this is a moat pleasing and satisfiactoiy book."— 
hammer. 

" One of the letters we wonld fata pwe entire, as not only one of the 
best in the Tolume, but one of the happiest pieces of epistolaiy writing in 
the langoage."— LtJcrary Gazette. 

DICKSON— The Breeding and Economy of Live 

Stock. Being the results of Forty years' Practical Experience 
in the Management and Disposal of Cattle, Horses, Sheep, and 
Pigs. By James Dickson. 12mo, 3s. 6d. boards. 

GLASSFORD — Italian Poets. Lyrical Compositions 

selected from the Italian Poets, with Translations. By James 
Glassford, Esq. of Dongalston. Second Edition, greatly enlarged . 
Small 8vo, 78. 6d. cloth. 

IRVING — ^Lives of Scottish Writers. By David Ir- 
ving, LL.D. Post 8vo, 6s. cloth. 

The FRUIT, FLOWER, and KITCHEN GARDEN. 

By Patrick Neill, LL.D^ F.R.S.E., Secretary to the Caledonian 
Horticultural Society. Fourth Edition. Bevised and Improved, 
illustrated with upwards of 60 Woodcuts. 12mo, Ss. 6d. doth. 

"One of the tiest modem books on gardening extant."— Loudon'^ Gar- 
dener's Magazine. 

THE GENTLE SHEPHERD. By Allan Ramsay. 

New Edition. With a Life and Portrait, and numerous Illustra- 
tions after David Allan. 18mo, sewed, Is. 9d. ; cloth, 2s. 6d. 
cloth, gilt, 3s. ; morocco, 5s. 6d. 

RUSSELL'S HISTORY OF MODERN EUROPE. 

With an Account of the Decline and Fall of the Eoman Empire, 
and a View of the progress of Society from the Rise of the Modern 
Kingdoms to the Peace of Paris in 1763 ; in a Series of Letters 
from a Nobleman to his son. New Edition, continued to the Ac- 
cession of Queen Victoria of England. Four volumes 8vo, 628. 
cloth. 
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Miscellaneous Works — Continued. 

THE POETRY AND POETS OF BRITAIN. 

From Chancer to Tennyson, with Biographical Sketches, and a 
rapid View of the Characteristic Attributes of each. Preceded 
by an Introductory Essay on the Origin and Progress of English 
Poetical Literature. By^Daniel Scr}*mgeonr. Post 8yo, 6s. cloth ; 
6s. 6d. cloth, gilt edges. 

THE OLD FIELD OFFICER, or the MILITARY 

and Sporting Adventures of Major Worthington. Edited by J. 
H. Stocqneler. Two vols, post 8vo, 18s. cloth. 

" It will be seen that there la no lack of matter in the Old Field Officer; 
and the author brings to his task an actual knowledge of India, of military 
life, and field sports, which gives a reality to the sketches." — Spectator. 

" * The Old Field Officer' is worth reading, for the geniality for which 
the narratives are distinftuished, and the lielit they throw on some features 
of military and sporting life abroad." — Dailv News. 

" We are bound to say that Mr. Stocqueler has performed his task well, 
and given us a very amusing book." — AUen's Indian Mail. 

UNCLE TOM'S CABIN. By Mrs. Stowe, An ele- 
gantly Printed and highly Illustrated Edition. With 130 Illus- 
trations by Matthew Urlwin Seais, a Frontispiece by John GUbert, 
and Ornamental Title-Page by Phiz. Cloth, gilt edges, price 
10s. 6d. ; morocco^ 18s. 

" Acce])t my thanks for the copy of your Illustrated Edition of Uncle 
Tom's Cabin. From the examination I have been able to give it, I am dis- 
posed to regard it as the best in point of execution, particularly in respect 
to the woodcuts which I have yet seen," — Extract from a Letter frotn Mrs. 
Stowe to thePublisherty Glasgow, April 14, 1863. 

" Of all the varied forms in which the celebrated story of ' Uncle Tom 
has been presented to the public, this is by far the most graceful and 
attractive ; and when we consider how extensively the art of the typo- 
grapher and the pencil of the artist have been employed in London and 
elsewhere to embellish the numerous issues of the work, it is matter alike 
of pride and satisfaction that our Edinburgh friends and countrymen, 
Messrs. Black, have produced an edition without a rival. Brought out 
in the very first st^le as regards paper and print, it has a beautiful fron- 
tispiece by John Gilbert, an ornamental title-page by Phiz, and uo fewer 
than 190 fine engravings on wood by Matthew Urlwin Sears. These 
represent, with great taste and fidelity, every important incident in the 
narrative of Uncle Tom, whether humorous, revolting, or pathetic. A 
more winsome drawing*room book we have rarely seen. Hie binding and 
externa] illustrations and decorations are worthy of a work so beautiful 
^\i\an**^6lasgow Herald, April 1863. 

" Of the many editions of this celebrated work, this is certainly the best 
that has come under our notice. It is beautifully printed, and embel- 
lished with numerous engravings by Gilbert, Phiz, and Sears."— ^^Zoj, 
April 1853. 

TALES OF GOOD AND GREAT KINGS. By 

M. Fraseb Tttleb, Author of " Tales of the Great and Brave," 
&C. With Frontispiece. 12mo, 58. cloth. ' 
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SIR WALTER 8C01T8 WRITINGS AND LIFE. 

Wavebley Novels* 



SACK NOVIL MAT BB HAD 8BPABATBLT AT THE FOLLOWIRO PBICES .— 

Old Mortality 1/9 

Peveril of the Peak 2/6 

Pirate l/U 

Qaentin Durward 1/11 

Redgauntlet 1/10 

Rob Roy 1/11 

St, Ronan's Well 1/9 



Abbot 1/9 

Aline of Geierstein 2/0 

Antiquary 1/8 

Betrothed, &c 2/0 

Black Dwarf, &c 1/6 

Bride of Lammermoor 1/4 

Count Robert of Paris 1/8 

Fair Maid of PertOi 1/11 

Fortunes of Nigel 1/11 

Guy Mannering 1/9 

Heart of Mid-Lothian 2/3 

HigWand Widow, &c 2/0 

Ivanhoe 1/11 

Kenilworth 1/11 

Legend of Montrose, &c.... 1/6 

Monastery 1/9 



Surgeon's Daughter — 

Castle Dangerous 2/6 

Talisman— Two Drovers — 
My Aunt Margaret's 
Mirror — Tapestried 
Chamber — Death of 
the Laird's Jock 1/9 

Waverley 2/0 

Woodstock 2/0 



Waverley Novels in sets, Five Editions as follows : — 

I. Library Edition, nniform with the standard English Authors. Com- 

plete in Twenty-Five Volumes Demy 8vo, cloth, price £11 : 5s. 
Each volume contains a complete Novel or Novels, illustrated 
with a Frontispiece and Vignette, Painted and En^aved by 
the most eminent Artists. This Edition contains all the latest 
corrections, additions, and introductions of the Author. 

II. Ahbot8ford Illustrated Edition, With 120 Engravings on Steel, 

and nearly 2000 on wood. 12 vols., super-ro3'al octavo, cloth, 
£11 : lis. 

III. Author's Favourite Edition in 48 vols., foolscap 8vo. With 96 

Engravings on Steel by the most eminent Artists. Cloth, 
£7:4s. 

IV. Cabinet Edition, In 25 vols., foolscap 8vo. With Vignettes, 

Fac-simile, and Engraving from Gbeenshields* Statue of 
the Author. Cloth £3 : 13 : 6. 

V. Peoples Edition, Five vols, royal 8vo. With Portrait, Fac-simile, 

and Vignette Titles^ after designs by Harvey. Sewed, £2 : 5s., 
cloth, £2 : 10s. 

Poetical Works. Five Editions as follows : — 

I. — ^A New Edition in one Vol. foolscap octavo, portable size, includ- 
ing The Lord of the Isle^ and a variety of other copy- 
right poetry 'contaiued in no other pocket edition. With a 
Life of Scott,- and Illustrations on Wood and Steel. Fool- 
scap 8vo, cloth, gilt edges, 6s.: or crown 8vo, with additional 
Engravings, 68. 



A. AND C. black's CATALOGUE. 35 

Sib Waltbb Soott^ Wbttinos and LifE^Continued. 

II.— PocKBT EDrnoir for Tourists. Lay of the Last Mikstrel 
IktARMioN — Ladt of the Lake — Rokeby— and Lord of 
TBE Isles. lUaminated Covers, gilt edges, Is. 3d. each. 
Cloth, lettered, Is. 6d. ; Full bound morocco, 2s. 6d. 

lll.-*"la ote Vol. royal octavo, doth, uniform with the NoveLs, People% 
Edition, Vignette Title, and Fac-simile. Cloth, lettered, lOs. 

The Same, large paper, with 26 fingravings from Turner, &c., 
forming a companion to the Novels, Abbotsford Edition. 
Cloth, lettered, 18s. ; fUll morocco, elegant, 328. 

tV. — In Six Vols, foolscap octavo, cloth, uniform with the Cabinet 
Edition of the Novels, 12 Engravings alter Turner, and Fac- 
simile. In sets, cloth, lettered, 24s. 

V. — In Twelve Vols, foolscap octavo, cloth, uniform with the Novels, 
Author's Favourite Edition. With the Author's last Intro- 
ductions, Notes by the Editor, and 24 Engravings, all from 
Turner's designs. In sets, doth, lettered, XI : 16s. 

The Ladt of the Lake. — ^New Illustrated Edition. Induding all 
his Latest Copyright Notes, Various Readings, and Additions. 
Exquisitely Illustrated by Birket Foster and John Gil- 
bert, uniform with the Illustrated Editions of Tliomson, 
Goldsmith, and Longfellow's Poems, forming a beautiful and 
appropriate Gift-Book. The Illustrations of the Scenery are 
from Sketches drawn on tiie spot by Mr. Foster expressly 
for this Work, and comprise all the principal places alluded 
to in the Poem. New Edition, with addition^u En^avings. 
Extra cloth, gilt edges, 18s.; morocco, elegant or antique, 2ds. 

Lay of the Last Minstrel. New lllivtrated Edition, uniform with 
the Lady of the Lake, with one hundred Illustrations on Wood, 
by Birket Foster and John Gilbert. Printed from Sir 
Walter Scott's interleaved copy of 1831, with all his latest 
Corrections on the Text of the Poem, and Additions to the 
Ntftes. The Illustrations of Scenery are from Sketches drawn 
on the spot this Summer by Mr. Foster, expressly for this 
Work, and comprise all the prindpal places alluded to in the 
Poem. Extra doth, gilt e^es, price 18s. ; morocco, degant 
or antique, 25s. 

In the PreaSy unijbm witk the above, 

Marmion, a Tale of Flodden Field. In six Cantos, with all the 
latest alterations in the Text of the Introduction, and of the 
Poem itself, as well as various additions to the Author's Notes. 
Printed from the Author's interleaved Copy, as finally revised 
by him in the Summer of 1831. 
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Sm Yf ALTER Scxyn^a WBimros ahd hsFK—Co ui m ued ^ 
Prose Works. Two sets as follows:^ — 

I. — In Twenty-eight Voliimefl^ uniform with the Anthor^s Favmnite 
Edition or tiie Novda, with 56 Engravings from Tubmeb ; 
Portraits and Maps. In sets, doth, lettered^ £4 : 4b. 

It.-.ln Three Vols, royal Sro^ nniform with the Ptopk's Edition of 
the Novels. Cloth, lettered, £1 :6s. 

Taleaofa Orandfatker. 

I. — ^Nnmeroos Illastrations, 3 vols, cloth, 12s., extra, gilt edges, 158. 

n. — ^In One Vol. royal Svo, nnifinm with the Novels, People's £ditio% 
doth, lettered, €s. 

Thx Same, large paper, with 11 Engravings alter Tubnkb, 
uniform with the Novels, Abhotsford Edition, doth, lettered, 
10s. 6d. 

HI.-— (HisioBT OF Fsahob). By Sir Walter Scott. Numerous 
Illnstrations, doth, 4s., e3(i^^ gilt edges, 5s. 

Life of Napoleon Bonaparte. 

I. — ^In Five Vols. Foolscap Svo, with Haps, Portrait^ and 9 Engravings 
after TuiunEB, umform with the Cabinet Edition of the Nov^ 
in 50 Yols. In sets, doth, lettered, 20s. 

II. — ^In One VoL royal Svo, uniform with the People's Edition of the 
Novels. Cloth, lettered, 10s. 

The Same, large paper, with 14 Engravings after Tubker and 
others, tmifonn with the Novels, Abbotsford Edition. Cloth, 
lettered, ISs. 

History of Scotland — Sdiool Edition. In Two Vols, crown Svo, with 
Cbloured Map. Bouyd and lettered, IDs. 

Life of Sir Walter Scott. By J. G. Logkhart, Esq. 

I. — ^New Edition, in One Vol. 12 Engravings, doth, 78. 6d. ; extra, 
gilt edges, Ss. 6d. 

II. — In One VoL royal Svo, with Portrait and Fac-simile^ uniform 
with the People's Edition of the Novels. Cloth, le^Bred, lOs. 
The Same, with 11 Engravings from Turner and others, uni- 
form with the Novels, Abboteford Edition. Cloth, lettered, ISs. 

III. — In Ten Vols, foolscap Svo, uniform with the Author's Favourite 
Edition of the Novels, with 20 Engravings on Sted, and Fac- 
simile. In sets, dotl^ lettered, XI : 10s. 

Beauties of Sir Walter Scott,-^K Selection from his Writing. Two 
Engravings, doth, gilt edges, 58.; extra, gilt sides and 
edges, 6s. 

Readings for the Toung^from the Works of Sir Waller Scott— 'Nnme- 
rous Illustrations, 3 vols, in one, cloth, gilt edges, 7s.; separate 
vols. 28. 6d. 
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